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here’ how Let CELLOSOLVE solvent help you... 


TRADE. MARK is an important medium-boiling solvent in 


nitrocellulose lacquers and phenolie var- 


\ yy ry nishes. Its use imparts improved flow out 
\() | \ [i \ | and helps give you glossy, durable finishes. 


textiles, leather. duplicating fluids. and 


printing inks. [tis a coupler that increases 


fj the solubility of textile dves and gives vou 
all pro | hae brighter shades. When vou use it in dveing 
leather, CELLOSOLVE solvent HH pene. 


tration and contributes better leveling. 


It readily dissolves resiits. 


dves, ails, and wanes, and ts a brake fluid diluent... 


is mild-odored and water- ne » solvent is an economical, medium-high 


boiling, stable diluent. Furthermore. it pro- 
Vides good low-temperature properties and 
is avatlable tor 
is an exeellent coupler for other brake fluid 

| 


immediate shipment, components. 


' PHYSICAL PROPERTH SOF “CELLOSOLVE” SOLNI 
CARLO! 
Specitie Gravity. 2020 O.9511 


Flash Point. (Cleveland Open Cup) 


CELLOSOLL solvent ts miscthle with water on all proportrons, 


+. see. Nitrocellulose 


Ho vou need other glyvcol-ethers be sure to check Carbide’s complete list, 
including Methy] and Butyl For more infor- 
mation, samples, and prices, call or write the Carbide office nearest vou, 

tsk for the 1952 edition of the handy reference booklet. “The Physical 


Propr rties of Organic Chemicals. 


The term sa registered trade-marth neon Carlade ane 
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OPINION AND COMMENT 


A CURRENT PROBLEM FOR CHEMICAL ENGINEERS 


ENGINEERING SECTION 


SAFETY ENGINEERING IN THE CHEMICAL INDUSTRY 
F. A. Van Atta 


“the performance of these 
four BAR-NUN Sifters was 
a great factor in our using 
BAR-NUNs exciusively in 
our new plant.” 


BAR NUN 
ROTARY SIFTERS 


Experience in his own plant with 
BAR-NUN Rotary Sifters led this 
BAR-NUNs exclu- 
sively when additional sifting equip- 
ment was needed. Mechanically con- 
trolled, complete rotary motion of the 
thorough separa- 
tions at high capacities . . . has proved 
unusually adaptable to a variety of 
special applications in chemical plants. 
If YOU need increased capacity and 
efficiency in a sifting, grading or sepa- 
rating operation, investigate the su- 
perior advantages of the BAR-NUN 
now! Our engineers will gladly plan 
installation especially suited to 
Write today. 


TEAR OUT—PASTE ON LETTER- 
HEAD AND MAIL TODAY! 


1311 So. Cicero Ave., Chicago 50, iil. 


Gentlemen: Please send me descriptive liter- 
information on the 
GUMP.Built Equipment indicated below: 


(_) BAR-NUN SIFTERS — grade, scalp or sift dry 
DRAVER FEEDERS—accurate volume per- 
DRAVER Continuous Mixing Systems—accu- 
(C) VIBROX PACKERS—pock dry materials in 


C) NET WEIGHERS—automatic weights range 
from 3 oz. to 75 Ibs. 


B.F. Gump Co. 


Fenineers ond Manutacturers Since 1872 


Chemical Engineering Pees yreae is ‘Ragincering ‘Index ime rorporated 


SAFETY AND THE CHEMICAL ENGINEER 
ORGANIZING FIRE AND EXPLOSION PROTECTION 
PRODUCING FUEL OIL FROM COAL 
E. L. Clark, R. W. Hiteshue, and H. J. Kandiner............ 15 
FREEZE DRYING WITH RADIANT ENERGY 
W. H. Zamzow and W. R. Marshall, Jr... 2... ee 21 | user to specify 
APPLICATIONS OF FLUID MECHANICS AND SIMILITUDE TO SCALE-UP 
PROBLEMS—PART | 
THE EFFECT OF PULSATIONS ON HEAT TRANSFER—TURBULENT FLOW 
OF WATER INSIDE TUBES 
TAXATION, SOCIALIZATION AND COLLAPSE 
an 
your needs. 
NEWS : 
Page Page 
ATLANTIC CITY MEETING... 17 DATA SERVICE .......... 39-42 
INDUSTRIAL NEWS ........ 20 FUTURE MEETINGS B. F. GUMP CO., 
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rate, efficient mixing 
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Aldrich engineers eliminated two right-angle turns in 
the fluid-end. Now, liquid passes from suction to dis- 
charge manifold in a straight line. That gave the Direct 
Flow Pump its name, and set up a whole new concept 
of pumps, pumping, and pump maintenance. It all adds 
up as follows: 


[_] Increased operating speeds—you get whatever 
volume and pressure you need from a smaller, lighter, 
more compact pump. 


(] Sectionalized construction—parts can be replaced at 
a fraction of the cost of a new fluid-end; also, parts can 
be made of stainless, bronze, Monel or other special 
materials—extremely important for corrosive fluid 
service. 


(] Maintenance made easier—no more tapered bores 
in the working barrel. Manifolds are vot taken off but 


THE 


20 GORDON STREET @ 


ALLENTOWN, 


slide out on studs—affording room to /i/t out valves as 
complete units. Packing is easily renewed—note acces- 
sibility of stuffing boxes. 


([] Interchangeable wearing parts—available among 3, 
5, 7 and 9 plunger pumps of same stroke size. This 
minimizes spare parts costs and inventories. 

([] Changeable plunger sizes—in many cases it is only 


necessary to add new plungers, glands, throat bushings 
and packing 0 the same fluid-end. 


() Drive direct—by connection to synchronous engine 
type motor or internal combustion engine; also with 
integral speed reducer or V-belts. 


Contact your Aldrich Representative . . . or write to 
us direct for complete details on 3", 5” or 6” stroke 
units. 


PUMP COMPANY Cuginalors of the 
Devel Sunf 


PENNSYLVANIA 


Birmingham Bolivar N.Y 


Houston . Jack 


Buffalo 


New York . 


Representatives Cincinnati . 
Duluth . 


Richmond, Va . 


Chicago . Cleveland . Denver . Detroit 
Philadelphia Pittsburgh Portland, Ore. 


Export Dept.: 751 Drexel Building, Phila. 6, Pa. 


ville . Los Angeles Omaha 


St. Lows . San Franerseo . Seattle . Spokane, Wash . Syracuse . Tulsa . 
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BECKMAN-te leading name in pH — presents 


another important advancement in instrumentation 


Completely Portable! 
Extrem ly Compact! 
ie BECKMA 
MODEL N ...and Really Rugged! 
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SOUTH PASADENA 35, CALIFORNIA 
B ECKMAN Factory Service Branches: Chicage — New York — Los Angeles 
Beckman Instruments include: pH Meters and Electrodes — 


Spectrophotometers — Automatic Titrators — Radioactivity 
Meters — and Special Instruments 


INSTRUMENTS 
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CONVENIENCE 
SIMPLICITY 
RUGGEDNESS 


make the Beckman Model N a 
noteworthy advancement. The 
following features are typical ... 


ELECTRODE SUPPORT ROTATES 
alongside case for maximum convenience 
in carrying. Instrument can be used in 
either horizontal position (shown at left) 
or vertical position (above )—whichever is 
handier. 


CONVENIENT CONTROLS not only 
centralize all operating functions, but also 
permit checking amplifier circuits and bat- 
tery condition without opening case or 
disturbing battery connections. 


RUGGED, COMPACT DESIGN with- 
stands rough field and plant service with 
negligible maintenance. Solid cast-alumi- 
num case is strong, yet light in weight. 
Beckman Glass Electrode is virtually un- 
breakable! 


There are many other important fea- 
tures designed into the Model N. Be 
sure to get the complete story on this 
new Beckman development! 


pe 
4 
a 
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pH ME 
TER 
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| 
In the constantly expanding field of pH. there ts wide demand for 
a completely portable pH instrument that is low in price. 
light 9 weight. compact in size, and amply rugged to be used anywhere — 
in the orchard, the oilfields. rextile mills, plating shops: mining and 
mill operations food processing plants. Jaboratories = °° anywhere, without 
dependence upon outside power circuits 
The newly developed Beckman Model N 
atc. but also many more- Here eck 
ye unique advantages like these ne ned 
new COMPACTNESS AND RUGGEDNESS 
p Accuracy p All metal case cast aluminum with paked 
- enamel qnish resist weal and corrosion. 
operating p splash proof tully gesiccated 
Built temperature compensat interna’? 
to 100° p Shock proof each tube individual 
shock mounted 
p Fast warm-up jess than 10 seconds. p vient weight ress than 8 IDS. complete. 
p smal! compact onty 4” * 2” overall. 
p Equipped with the new Beckman Reo Lapel tt, 
Electrode virtually ynpreakadle, covers 
range, usadle trom 
pe 
a 
: 
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Plants: 


URABILITY 


GLC anodes for the electrolytic industry are 


durable —their low consumption characteristics 


stand the test of comparison. 


Niagara Falls, N. Y 
Morganton, N.C 


PRODUCTS OF 


Electrode Division 

Graphite anodes. Graphite 
and amorphous carbon elec- 
trodes. Carbon and graphite 
specialties 

Oil and Gas Division 

Crude petroleum and natural 
gas 


Chemical Engineering Progress 


GREAT LAKES CARBON 


Carbon Division 

Petroleum coke. Calcined 
petroleum coke. Industrial 
carbons 

Dicalite Division 
Diatomaceous silica for filter- 
aids, fillers and insulating 
uses 


Sales Offices: 
Niagara Falls, N. Y 
New York, N.Y 
Chicago, 
Pittsburgh, Pa. 


Sales Representatives: 
Birmingham, Ala 
Wilmington, Cal 


CORPORATION 


Perlite Division 

Perlite lightweight aggregates 
and products for the building, 
oil, foundry and other indus- 
tries. Perlite ore. 

Merchant Coke Plant 
Premium foundry and indus- 
trial coke. Coke co-products. 


January, 1952 
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ELECTRODE DIVISION - NIAGARA FALLS. N. Y. 
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This lucite, scale model was the “blueprint” used 


by Fluor engineers to plan and construct the new modern 
lubricating oil and grease manufacturing plant for Canadian 
Oil Companies, Ltd., in Montreal. Being able to work out 
detailed designs in miniature, played a big part in the suc- 
cessful selection and location of all equipment to facilitate 
the natural flow of work through the plant with a significant 
saving in man hours. It is an example of the thoroughness 
with which Fluor tackles a job. 


Over 300 varieties of specially engineered greases and 
lubricants packed in a multitude of sizes, from 3 ounce cans 
to 55 gallon drums, are manufactured, blended, packaged 
and stored in this efficient plant. It had to be built in a 
U-shape to incorporate the original plant which still houses 
much of the blending machinery. It had to be accessible to 
al! forms of transportation by land or water. It had to pro- 
vide storage facilities for raw grease stocks before processing 
and for interior storage of finished products. It had to be 
equipped with the latest automatic devices for heating, blend- 
ing, sterilizing, conveying, packaging, handling, etc. and i 
had to be completed in the shortest time possible. 


FOR CANADIAN OIL 
COMPANIES, LTD. 


Fluor’s experience with building and remodeling plant 
which use bulk materiais for a variety of products, has long 
been established, but at Canadian Oil much of the machine 
is Fluor designed—especially that used for handling material 
The flexibility of this equipment is almost human in it 
ability to switch from one type of product to another, fro 
one type of container to another and from one type o 
carrier to another whether it be truck, box car, tank ca 
freighter or tanker, without loss of time for change-ove 
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Fluor’s Engineering and Construction Division is one of the nation’s foremest organi- 
zations in plant construction, from design to completion. For more information contact 
your nearest Fluor district office or representative. 


DESIGNERS AND CONSTRUCTORS of Refining, Natural Gas and Chemical Processing Plants. 
MANUFACTURERS of Pulsation Dampeners, Mufflers, Gas Cleaners, Cooling Towers and Fin-Fan Units. 


THE FLUOR CORPORATION, LTD., 2500 S. Atlantic Blvd., Los Angeles 22, California 
New York, Chicago, Pittsburgh, Boston, Tulsa, Houston, San Francisco, Birmingham and Calgary. 
REPRESENTED IN THE STERLING AREAS BY: Head Wrightson Processes Ltd, Teesdale House, Baltic Street, London, E.C.1., Englanc 
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for outstanding 
service 


on Steam to Drying Ovens 
... for example 


Install 
Dependable Quality 


CRANE VALVES 


The installation — 


o Chemical Corp., 
Bedford, Ohio 


+ PROBLEM: To maintain automatically, within 

close limits, uniform reduced steam pressure 
’ from supply line to battery of two drying ovens 
controlled by individual thermostatic valves. 


WORKING CONDITIONS: Initial steam pressure 
of 70 psi to be reduced to 13 psi, and maintained 
without significant fluctuation whether one, 
both, or neither of the ovens is being operated. 


SOLUTION TO PROBLEM: One No. 960 Crane Brass 
Pressure Regulator, properly selected for capacity re- 
quired, and with adequate condensate drainage provided. 


No. 960 Crane Brass Pressure Regulator 
RESULT: For more than 5 years, without interruption and _for steam or air. Literature on request through 
with no more than routine maintenance, the Crane No. your Crane Branch or Crane Wholesaler. 
960 Regulator has given complete satisfaction. Operat- 
ing like new, and since all wearing parts are renewable, 
it will virtually sever wear out. User remarks on unusual 
simplicity of adjustment. 


Another typical «ase history, demonstrating the bigger value 
and lower ultimate cost of Crane Quality Valves. And why... 
More CRANE VALVES are used than any other make! 


General Offices: 
836 S. Michigar. Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving 
& All Industrial Areas 
VALVES + FITTINGS + PIPE + PLUMBING + HEATING 


Chemical Engineering Progress January, 1952 


= 

4 

= 

Ta 

SS CAN : 

4 pet \ 4 

(tes: 

NE 

7 

| 
hy | 
Page 8 


with a 
Pritchard 
Sulphur 
Recovery 
Plant 


Now you can turn waste into profit—liability into 
's Si asset—with a Pritchard Sulphur Recovery Plant! 
Pritchard’s ngle 


If your plant flares off 20 tons or more per day of 
Responsibility Contract waste hydrogen sulphide, it will pay you to investigate 
Includes our method of converting a dangerous liability (air pollu- 
tion) into a highly profitable asset (elemental sulphur). 


Design With a Pritchard Two-Stage Plant you can recover 
Engineering 93 to 95% of the sulphur present in refinery gas or nat- 
hasi ural gas. Such a plant can easily be a one man opera- 
Purchasing tion, and is especially adapted to areas where the 
Field Construction supply of water is low or at a premium. 


Guarantees Today’s supply of sulphur is extremely short, to; 
Operating Tests morrow’s may be critical! Consult now with Pritchard’s 
experienced engineers for specific recommendations on 
how a Pritchard Sulphur Recovery Plant can be put to 
work for you. 


Pritchard’s Chemical Division is eminentiy qualified to handle all elements 
of your project effectively and economically. 
We invite your specific inquiry. 


Power Division 
Petroleum Division 


Dept. No. 178 908 Grand Ave., Konses City 6, Mo. dE 


District Offices: CHICAGO + HOUSTON + NEW YORK + PITTSBURGH 
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PYREX brand Giass Pipe Features 


EASY TO INSTALL. There are tricks to 
handling any material, but the tricks to han- 
dling PYREX brand Glass Pipe are quickly 
learned. It can be plumbed at your plant. Pre- 
fabrication to your requirements is unneces- 
sary. One plant superintendent says, “PYREX 

ing can be easily installed. I cannot remem- 
gi when we had any difficulty with installation 
or reinstallation after changes or repairs.” 


FLEXIBLE HOOK-UPS. You can hook glass 
pipe to iron, steel, stoneware or any other 
pipieg material. Corning supplies fixtures and 
adapters to meet most needs. Special fixtures 
can be made for extraordinary requirements. 
Says one chief engineer, “Glass installations 
have the advantage of being flexible, as com- 
pared to metallic materials.” 


IT’S TOUGH. You can’t hit PYREX brand 
“Double-Tough” Glass Pipe with a hammer or 
slug it with a wrench, but it is a rugged, easy- 


to-handle material. An acid plant superintend- 
ent says, “Its transparent feature more or less 
insures due care by yy coming in contact 
with PYREX pipe.” A plant manager says, 
“We started to work with PYREX pipe in 
1937. We've had no breakage to speak of.” 


VISIBILITY. “Often the visibility afforded by 
PYREX pipe aids tremendously in the ease 
with which chemical processes can be 

out,” observes the manager of a chlorine plant. 
Trouble can't bide bebind glass. 


AVAILABILITY. PYREX brand “Double- 
Tough” Glass Pipe is available in diameters of 
1", 1%", 2”, 3”, 4” and 6” LD. in standard 
lengths up to 10 feet. Fittings, including 45° 
and 90° elbows, tees, reducers, crosses are also 
available in all sizes. In addition, laterals and 
U-bends are available in 1” to 4” sizes. Plug 
valves are available in 1” and 144" sizes. Bal- 
anced stocks are always on hand. Send for 
catalog. 


CORNING GLASS WORKS, CORNING, N. Y. 
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It’s corrosion and heat resistant, 
transparent, chemically stable, strong 
—and it can be plumbed in your plant. 


The production manager of a well-known chem- 
ical plant reports: “Besides our problem of cor- 
rosion, the necessity of maintaining color stand- 
ards for our products has made glass the ideal 
piping material in some of our processes. We have 
used glass pipe in this plant for many years and 
couldn't do without it.” 


BREAKAGE NO PROBLEM... “We have very 
slight breakage. A piece of heavy sheet iron sep- 
arates a glass inlet to a distillation kettle from 
some nuts that have to be removed occasionally 
with a wrench. Some close-mesh steel wire netting 
protects pipelines from overhead catwalks. That's 
all it takes to make breakage very unlikely. We 
don’t worry about it.” 


STANDS HIGH TEMPERATURES... “One of 
our lines is hooked up to a distillation kettle 
heated by a steam jacket to 195° C. The vapors are 
condensed in a 3-inch PYREX pipe with cold 
water jackets. When we change the chemical sub- 
stance to be distilled, we disconnect the pipe and 
clean it with steam to remove all traces of the 
previous distillate, especially the odor. This is a 
very simple change.” 


NOW STRONGER THAN EVER... The new 
PYREX “Double-Tough” Glass Pipe makes break- 
age even more unlikely. It is made from heavy-wall 
machine-drawn tubing. A new heat-treating proc- 
ess doubles the strength of the ends of straight 
lengths and of all standard fittings except U-bends. 

Your Corning Distributor stocks PYREX brand 
“Double-Tough” Glass Pipe and a line of fittings 
to meet your requirements. Call him today for 
more detailed information or send the coupon 
at right direct to Corning. 


Vol. 48, No. 1 


Glass Pipe 

i 


Authorized Distributors of 
PYREX brand 
“Double-Tough” Glass Pipe 


A. J. Eckert Company 
Albony 5, New York 

Gloss Engineering Laboratories 
Belmont, Californio 
Mocolastor Bicknell! 
Combridge 39, Massochusetts 
Fred S. Hickey, Inc 

Chicago 44, Iilinois 

Valley Foundry & Machine Works 
Fresno 17, Colifornio 
Sentinel Glass Compony 
Hatboro, Pennsylvania 

W. H. Curtin Compony 
Houston 7, Texos 

Fisher Scientific 

Montreal 3, Quebec, Conodeo 
Scientific Supplies 

Seottie 4, Washington 
Stemmerich Supply inc 

St. Lowis 2, Missouri 

Mooney Bros. Corp. 

lodi, New Jersey 

Will Corporation 

Rochester 3, New York 
Fisher Scientific Company 
Pittsburgh 19, Pernsylvanio 


CORNING GLASS WORKS, Dept. CE-1, Corning, WN. Y. 
Please send me the printed information checked below. 


(CD “PYREX brand Gloss Pipe in the Process industries” (EA-1) 


oO — brond “Double-Tough” Gloss Pipe and Fittings” 
EA-3) 


(LD “Gasket Materials for PYREX Pipe” (IA-13) 
(CD “Plant Equipment Glasswore for Process industries” (EB-1) 
“wstoliation Menvol for PYREX brand Gloss Pipe” 
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Republic Differential Transmitter 
with cover remov 


Spells PLUS PERFORMANCE 


The Republic Pneumatic Transmitter combines 
machine ruggedness with instrument precision 

to provide matchless performance in measuring 
flow, level, pressure or density of a wide 
variety fluids. By any or all of the following 
points, the Republic challenges comparison: 


ACCURACY of the Republic force-balance principle 
is higher than can be consistently secured and 
maintained with any other method. 1/2 of 1% 
guaranteed. 


TEMPERATURE variations of ambient atmosphere have 
negligible effect on the accuracy of the Republic 
transmitter. 


CHANGES IN AIR SUPPLY PRESSURE do not affect 
the accuracy of a Republic transmitter to any sig- 


nificant extent. A 5 psi change produces an error 
of less than 1/10%. 


CHANGES IN LINE PRESSURE—Republic differential 
transmitters are not affected by variations in line 
pressure. A patented and exclusive simple adjust- 
ment assures this protection. 


SENSITIVITY—Due to the negligible motions required 
for complete operation of all parts, for a full scale 
change, no appreciable hysteresis results from 
reversal of direction of measurement change. 


VIBRATION of any normal frequency has no effect on 
the Republic transmitter. 


LEVELING-—Since all parts are balanced, and no liquid 
is used for calibration, Republic transmitters need 
not be leveled exactly, and may be adjusted for 
installation in any position. 


FOR TWELVE YEARS Republic Pneumatic Transmitters 
have delivered unmatched performance in every 
type of installation. Complete details of design and 
operation, plus numerous application suggestions 
are combined in Data Book, 1002. Send for your 
copy, today. 


REPUBLIC FLOW METERS co. 


+ 2240 Diversey Parkway, Chicago 47, Illinois 
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THIS PROPANE-BUTANE 
PUMP GEAR is cast in Olds 5% 
nickel bronze to assure excellent 
wearing qualities, since oil and 
grease fail to lubricate when in 


ON THESE SURFACES OF OLDS BEARING BRONZE 
...a 19” journal, with .045” clearance, turned at 2042 R.P.M. 
for almost 9 years in a 4-roll calendar mill used in processing 


contact with such strong solvents 
as propane or butane. These pump 
gears (1%4" to 242” O.D.) and 
sleeve bushings, of Olds high 
leaded nickel bronze, are used by 
Smith Precision Products Co., 
South Pasadena, Calif. 


cord and rubber fabric for automobile tires. 


NICKEL ALLOYED BRONZES 


Resist Wear Under Severe Operating Conditions 


These large bearings served continuously for nearly 
nine years at temperatures ranging from 80 to 120° F. 

They are made of a high lead nickel-tin bronze, 
trade-named Olas Bearing Bronze, developed some 15 
years ago by the Olds Alloy Company of South Gate, 
California. 

Containing about 18% lead, 5% nickel, 5% tin and 
10% zinc (balance copper), this wear-resistant alloy 
was approved by a leading aircraft manufacturer, early 
in World War II, for friction bearings operating without 
galling, under conditions of little or no lubrication. 

' Although high lead content in bronze alloys improves 
bearing properties, it lowers strength. However, an 
adequate nickel content provides age-hardening re- 


sponse which increases both tensile and compressive 


strength. 


Furthermore, nickel tends to diffuse lead in the alloy, 
refines the grain, and increases resistance to corrosion 
and erosion. 


At the present time, the bulk of the nickel produced 
is being diverted to defense. Through application to 
appropriate authorities, nickel is obtainable for the 
production of nickel alloyed bronzes for many end uses 
in defense and defense supporting industries. 


If interested, we shall be glad to put you in touch 
with the foundry equipped to quote on your require- 
ments. 


ONLY ONE SET OF REPLACEMENTS IN 13 
YEARS. That's how Olds Bearing Bronze economizes 
in frame bushings and thrust rings on mullers at the 
Pacific Hard Rubber Division of Stauffer Chemical Co., 
in Los Angeles. The two bushings shown with the steel 
shaft, from a muller, are typical of nickel-alloyed bronze 


parts that minimize galling and heatings 
despite the abrasive material handled in 
battery case manufacture. 


THE INTERNATIONAL NICKEL COMPANY, ING. 
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They’re all needed to keep steel production up 
AID DEFENSE 


Every pound of unused iron and 
steel you have is needed to help steel 
mills and foundries keep production 
up to rising capacity. 

Scrap inventories are alarmingly 
low. Mills that normally maintain in- 
ventories of several months, are now 
down to a day-to-day basis. Shut- 
downs are threatened. 


One way we can maintain desired 
level of both military and civilian pro- 
duction is for you to dig up and turn in 
your iron and steel scrap now. 

Get in touch with your local scrap 
dealer and write for the free booklet, 
“Top Management: Your Program 
for Emergency Scrap Recovery” to 
Advertising Council, 25 W. 45th St., 
New York 19, N. Y. 


NON-FERROUS SCRAP IS NEEDED, TOO! 


This advertisement is a contribution, in the national interest, by 


CHEMICAL ENGINEERING PROGRESS 
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-Manville Announces 
a 40% increase in 


Celite® Production 


A 


4 


from a huge and ©xceptional] 
Silica, Celite Product 
meet the 


tds of quality estab 
Manville j 


pure 
S$ will continue to 


lished by Johns- 


~ 


5 
| = JO 
cag? 
a) oats Ata TIME when Many vital materials are in short Supply, ig 
Johns-Manville is Pleased to announce that the culmination 
of two-and-one-half years of Planning, designing and construc. 
Teil sett; tion has resulted in a 40% increase in the Production of its « 
diatomite filter aids and mineraj fillers, 
We sincerely appreciate the CO-operation of all our Customers 
Jie tg during the Period when the Supply of Celite was limited. And a 
we pledge Ourselves to Co-ordinate our Own plans 
for future ©xPansion with your requirements So that 
Celite wil! always be available when needed. 
rg ee For further information about Celite and its CELITE : 
availability for your process, write Johns-Manville, 
Box 290, New York 16,N. Y. Haare 
*Reg. U.S. Pat. og. 
Johns-Manville CELITE 
FILTER AIDS AND MINERAL FILLERS 
Chemical Engineering 
Vol. 48, No. 1 
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USERS, who have tested this new glass, find that it is at least three times more 


resistant to alkaline solutions than any Pfaudler glass formerly available. 


How new Pfaudler ALKALI-RESISTING Glass can 
you time and money all 


Paudler glass backed by steel— 
one of the most durable materials 
of construction known to man—is 
now better, more flexible, and more 
economical to use than ever before! 


along the line 


HOW YOU SAVE... 
This new flexibility means that you need 
only one vessel where dissimilar opera- 
tions formerly required two. What's 
more, you can standardize on a single 
type of unit and narrow down on spare 


GOMPARATIVE TESTS show that new Pfaudler alkali- 
Gid-resisting glass (left) withstands buffered NaOH,pH 
W.5 ot 212° F. for 30 days with no noticeable change, 
White former high-quality Pfaudler glass (right) is severe- 


parts. You'll need fewer structures and 
be able to save space, too. And use of 


ACID-RESISTING, TOO! 
The new Pfaudler glass was specially o. : 
the new glass may even eliminate many 


ly etched under the same conditions. 


WHY the chemical process 


industries prefer glass-lined 
equipment: 


. Pfaudler glass, backed by steel 
one of the most durable materials 
of construction. 


Resistance to all acids (except 
hydrofluoric)—now combined with 
resistance to alkaline action foreven 
flexibility and service life. 

3. Product purity is improved by eli 
ination of metallic contamination. 

. Ease of cleaning and sterilizing 
protects product quality, 
time and labor costs. 


saves 


Polymers will not adhere to glass 
surface. 


THE PFAUDLER CO., ROCHESTER 3, N. Y. 


ENGINEEZS AND FABRICATORS OF CORROSION RESISTANT PROCESS EQUIPMENT 


developed to give longer life to glass- 
lined equipment where alkaline reac- 
tions are encountered, but without any 
reduction whatsoever in its acid-resisting 
properties. It promises to solve many 
chemical processing problems in_ the 
pH range from 9 to 12, which, until 
now, have been unusually severe on 
glass-lined equipment. 


ADDED FLEXIBILITY! 

Now, for the first time, the new Pfaud- 
ler glass makes it possible for you to go 
from acid to alkaline solutions in the 
And = the easy -cleaning 
features of Pfaudler glass-lined equip- 
ment allow you to make the change in 
minimum time. 


same vessel. 


of your valve, piping, pumping and 
gasketing problems. 


MANY APPLICATIONS! 
Many uses are indicated for vessels 
lined with the new Pfaudler Alkali- 
Resisting glass. For example, neutrali- 
zation of acid solutions in the same 
processing unit; storage of mild alka- 
lies: processing of alkaline reactions 
within the range of pli 12 and up to 
212° F. Are there other uses in your 
processing? 

GET ALL THE FACTS! Send the cou- 
pon today for full details on this 
amazing alkali-resisting, acid-resisting 


glass. 


THE PFAUDLER CO., DEPT. CEP-1, ROCHESTER 3, N. Y. 


Send complete information on the new Pfaudler 
Alkali-Resisting Glass to: 


Name____ 
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A CURRENT PROBLEM FOR CHEMICAL ENGINEERS 


HE new year is with us with its new problems and 

many of the old ones which are only partially 
solved. The responsibility the chemical engineer takes 
in industry, and the chemical industry in particular, 
will take on increased importance during the year and 
I am sure he will be up to the job. 


The chemical engineer of today is not primarily a 
design engineer of equipment or a process, as is stressed 
very greatly, and rightly so, during his college education. 
He has become a part of management and is called upon 
to perform practically every duty that management is 
called upon to do. I find in our company alone, when 
have 
chemical engineers as shift foremen and general fore- 


going through the organization chart, that we 


men both in production and maintenance; technical 
men in the laboratory, on shift work following processes 
and making suggestions which will increase yields and 
lower maintenance and production costs; shift super- 
intendents; technical superintendents; production man- 
agers; and plant managers. One might say that those 
are the jobs the chemical engineers were trained to do. 
But let me go on. Chemical engineers are in charge of 
maintenance for a whole plant; they are plant engineers, 
safety engineers, and are responsible for handling indus- 
trial relations calling for negotiations with the unions 
representing the hourly employees. Chemical engineers 
are in a majority in our development laboratories and 
in sales service laboratories. In sales they have most of 
the responsibilities including those of sales managers, 
for both national and international operations, sales 
representatives, advertising, and customer technical serv- 
ice. Finally, there are chemical engineers who are of- 
ficers of the company in charge of research, develop- 
ment, sales enginecring, and production. 


We all know many who are presidents of their com- 
panies and doing outstanding jobs. 


One may say, what does this all add up to? To me it 
means that chemical engineers not only have the techni 
cal responsibility of the chemical industry, but they also 
have sales, engineering and construction, financial, and 
executive responsibility, 
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\s we all know, the chemical industry has been profit- 
able to many groups, not only to the employees but also 
to suppliers of materials and equipment, to the stock 
holders, and to the government through tax revenues 
One of the great factors in its success has been the indus 
try’s foresight in providing large sums of money for 
research and development. [t has been pointed out in 
print, and by word of mouth by many, that in the past 
few years some discoveries of the research laboratory 
are lying on the shelf owing to a lack of capital to carry 
on the further development of the discovery and to 
uncover sales possibilities. Further, if sales potential 
is proved, there is difhculty in financing the final design 
and constructing the plant to produce the new product. 


Why the lack of “risk” capital? When a survey is 
made for a new process, the sales possibilities (which 
depend a great deal on the selling cost of the final 
product, and in turn on the total cost of plant) are such 
that we find that the margin of profit, if there is any, 
“after taxes” is very small. Investors, or stockholders, 
then become unwilling to take a chance with their 
money, or management is not willing to risk retained 
earnings. 

It therefore behooves the chemical engineers who have 
to develop process designs, construct plants, and sell 
finished products, to scrutinize each step as they pro 
gress, and only to make recommendations which will 
assure a profitable venture. 


The problem today is much more difhcult than in 
the “good old days” owing to the high corporate and 
excess profits taxes which confront our entire economy 


It can clearly be seen that management and chemical 
engineers will have to make every effort carefully to 
study every phase of their business and take all possible 
steps to lower costs whether it is yield, labor, mainten 
ance, overhead or sales. This, of course, is what makes 
your job interesting and when you have succeeded in 
bringing about some improvement, it gives a great sense 
of satisfaction of a job well done. 

L. Burt, 
President, AICHE. 
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e Lomisvitie f 
CREATIVE 
DRYING 


New Louisville Chemicals Dryer costs less, 
does 50% more work... at 77% less 


Instalied cost.......... $40,000 
Annual production (tons) . . 6,000 
Drying cost per ton 

(space required, 1500 sq. ft.) 


Installed cost 
Arnual production (tons) . . 


Drying cost per ton 
(space required, 500 sq. ft.) 


LOUISVILLE DRYER 
ALONE... $14,850 


Other General American Equipment: 
Turbo-Mixers, Evaporators, Thickeners, 
Dewaterers, Dryers, Towers, 


Tanks, Bins, Pressure Vessels 


A magician’s creation? No! The Louisville Dryer described 
here was installed by a chemical processor after his 
production was completely analyzed by a Louisville 
engineer. By using advanced, complete knowledge of 
drying processes, this dryer was especially designed to fit 
into his production line after the dryer’s performance was 
pre-determined in our own unique research laboratories 
and pilot plant. 

Without obligation ask a Louisville engineer to survey 
your drying methods. He may come up with a better 
solution that costs you less for faster, more satisfactory 
production. 


suey Louisville Drying Machinery Unit 


DIVISION Over 50 years of creative drying engineering 
GENERAL AMERICAN TRANSPORTATION 
CORPORATION 


Dryer Sales Office: Hoffman Bldg... 199 So. Fourth Street 
auisville 2, Kentucky 


General Offices: 155 South La Salle Street, Chicage 9, Hlinois 
Offices in all principal cities 
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ENGINEERING IN THE CHEMICAL INDUSTRY 


By F. A. VAN ATTA 


National Safety Council, Chicago, Illinois 


With this issue we conclude the series on Safety under the general theme — Safeguarding What You 
Have — Here F. A. Van Atta examines the historical development of industrial accident prevention . . . 
George Armistead follows with an account of the chemical engineer's concern with safety because of 
the expansion of the chemical industries . . . James Duggan discusses the methods of organizing protection 
from dangerous and hazardous operations in a chemical plant . . . Our theme — Safeguarding What You 
Have — will be continued next month when we start a series of articles on plant maintenance . . . 


N order to 
position of 


understand 
any 


the current 
subject | feel it 
necessary to examine the historical de- 
velopment. It is particularly 
follow the historical development of the 


easy to 


safety engineer and safety engineering 


as a protession only five 
decades since the first modest organized 


interest in industrial safety 


since if Is 


matters 
There were some notable exceptions 
to this. The founders of the Du Pont 
organization apparently felt from the 
beginning a definite paternalistic inter- 
est in their employees. As part of this 
responsibility, they stressed 
prevention beginning with the founding 
of the 


accident 


The care of injured 
workmen has also been accepted as a 
Du Pont 
was no more ques- 
tion than about the responsibility of the 


company. 
corporate responsibility of 
about which there 
management to the stockholders, 

United States Steel Corporation also 
formed a central safety committee in 
1906, just five years after its formation 
The staff man responsible for this cen 
tral satiety committee was described as 
a former plant superintendent, long 
known for his interest in safety devices 
and employee welfare. We could still 
look further and do worse in picking a 
man to head a company’s saiety 
ties. By 1910 the United 
Corporation 


ictiv) 
States Steel 
was paying voluntary 
workmen's compensation, at rates which 
were fixed and published, amounting to 
one million dollars per vear.. The max 
imum which they ever paid in compen 
sation judgments was $52,000 a vear. 

I stress this point because there is a 
common theory that safety activity was 


forced on business by workmen's com 
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pensation legislation, which was in turn 
forced by the organized 
labor and by public opinion. Those who 


activities of 


hold to the idea that safety activity was 
originally forced by legislation, | ob 
serve, are inclined to think it still forced 
by legislation. This leads to quite a 
different concept of the proper activitiés 
of the safety engineer than that arrived 
at from thinking safety activities were 
essentially voluntary and are still « 
tially voluntary. 

One can set up a good argument tor 
the other side of this picture. It is still 
true that at the time of the enactment 
of the first Compensation Law in 1911 
in New Jersey, one fifth of the litiga- 
tion in the State Court was concerned 
with liability for damages as a result of 
industrial injuries. 

The conditions were unquestionably 
bad. In 1906, the vear of the “Pittsburgh 
Survey.” there were 526 industrial fa 
talities in 
vania. A 


Allegheny County, Pennsy! 


train man had one chance 


in 127 of death by accident in 
There was also plenty of 
outraged public opinion. | 
briefly from Crystal Eastman, secretary 
of the New York Commission on Em 
ployers Liability and Causes of Indus 


trial Accidents : 


any 
given year 
quote 


When I read in the bulletin of the 
New York Department of Labor, among 
particulars of fatal accidents im 1908 
such records as this: ‘Helper, flooring 
factory, age 18, clothing caught by set 
screws in shafting; both arms and legs 
torn off ; death ensued in five hours, my 
spirit revolts against all this benevolent 
talk about workingmen's insurance and 
compensation Who wants to talk 
about ‘three years’ wages to the widow,’ 
and What we want is to put 
somebody in jail 


A Failing of Democracy 


This is the sort of “hoorah” which 
goes on in a democracy when a great 
issue is under discussion, but it should 
never blind us to the fact that, in spite 


F. A. Van Atta, director of industrial hygiene, Na- 
tional Safety Council, Chicago, Ill., since 1949, has as 
an avocation the designing and operating of two small 
chemical plants. Before going to the National Safety 
Council in 1942 as industrial hygienist, he held the title 
of industrial hygienist with the Illinois State Department 
of Labor from 1939 to 1942. Mr. Van Atta holds a 
Ph.D. degree from Northwestern University and has 
served as a graduate assistant at that university and at 
the University of Oregon. He was an instructor at 
Armour Institute of Technology from 1935 to 1939. He 
is a member of several technical associations. 
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of our traditional willingness to try, we 
probably have yet to legislate the first 
man moral. At the best we slightly 
inhibit the amoral members of society 
if most of us are in favor of a specific 
line of conduct. 

In 1910, as at the present time, there 
were compelling reasons for industrial 
accident prevention. I expect they were 
recognized by all business executives 
although they were probably assigned 
varying importance. The Du Pont ex- 
ecutives seem to have been impressed 
by the humanitarian aspect. They had 
a feeling of responsibility for the men 
who worked for them and for the fa- 
milies of those men. I feel sure that 
the operations of the company had not 
grown to any substantial before 
they also realized that industrial acci- 
dents and industrial injuries were a 
drain on the company’s finances. This 
pwas certainly more obvious in a powder 

Splant than in most other business. 

There is also the legal responsibility. 
iThis is probably more important now 
han in 1900. In spite of theoretical 

nlimited liability under common law, 
t was actually quite difficult for work- 
en to obtain any substantial compen- 
ation for injury. Every company which 


size 


ut into effect a voluntary compensation 
lan substantially 
xpense for this purpose. 


direct 
One advan- 
ge of the law to the employer was 
vat it defined his liability. 


increased its 


Safety’s Role Not Sufficiently 
Understood 


§ The role of the safety engineer in 

lustry has not been well formalized 
@or have his responsibilities been well 
rhis is partly because indus- 
jal safety has been strictly an indus- 


trial The duties and 
Pesponsibilities have varied from plant 
® plant in accordance with the ideas of 
the plant management, but probably even 
more because industrial safety has not 
been recognized by colleges and univer- 
sities, and no appreciable amount of 
academic thought or time has been given 
to formalization 

DeBlois in 1926 said that safety engi- 
neering had graduated from the move 


development. 


ment stage to something more rational 
and standardized. What really 
meant was that most of the reformers 
had transferred their attention to some- 
thing else and left the industry to its 
own devices. It was not until 20 years 
later that there was any semblance of 
formal training for safety engineers. 
Safety engineering still has not become 
sufficiently standardized to fit into the 
corporate organization or the 
academic scheme. 

Safety engineers have standardized 
enough that we are periectly certain 
that the fundamental causes of injuries 


into 


are about the same and that they are 
pretty much independent of the type of 
industry involved. In every industry and 
home people continue to fall down, get 
caught in or between things, lift too 
much or lift in a strained way. Devices 
which are effective in preventing this in 
one place, are generally just as effective 
in another place. 

This is all really a way of saying that 
the safety engineer has cut out a spe- 
cialty for himself, and that he has classi- 
fied and recognized a few of the unit 
operations in that specialty. This facet 
has been the result of statistical investi- 
gation, and much of the safety engi- 
neer’s job is counting and classifying 
things. That does not, however, make 
him a statistician. Statistics is an im- 
portant tool of the trade, but it is not 
the only tool and probably not the most 
important one. 


Chemical Engineer to Appraise 
Hazards 


It is a convenience, but not a neces- 
sity, for the safety man in a chemical 
plant to be a chemical engineer or 
chemist. He should have a_ general 
knowledge of the processes of his own 
plant. He should know enough to be 
able to follow new developments in or- 
der to appraise the hazards and the 
precautions which have been taken from 
the laboratory and pilot plant, and into 
the plant. 

We regularly hear of injuries to 
plant personnel which are attributable 
to no other basic cause than the lack of 
foresight in the laboratory. It was not 
realized that exposure for a few hours 
on a laboratory scale may be quite 
harmless, while exposure to the same 
process for a full shift on a pilot plant 
or plant scale may be highly hazardous. 

In the main the chemical industry is 
new enough to have been operating with 
safe methods from the beginning. Also 
a large number of the top executives 
in the chemical industry are chemical 
engineers with direct knowledge of 
what goes on in the plant and laborator- 
ies. As a result, it is usual to find pre 
cautions taken so that injuries resulting 
directly from chemicals are somewhat 
rare in the industry. No one in a chem- 
ical plant should ever forget that he is 
working on the brink of disaster at all 
times and that the price of safety is 
proper original design and continuous 
vigilance. 

A major part of the job of the safety 
engineer is to keep everyone in the or- 
ganization continually convinced and 
aware of this. A safety engineer will 
usually have a place on the staff rather 
than in the production organization and 
will work through committees. There 
should be an executive committee at the 
top level to set policy for over-all oper- 
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ation and, at least, an inspection com- 
mittee among the workmen to look over 
the plant and make safety suggestions. 
Generally there will be one or more 
other committees between these groups. 
They will all serve a useful function in 
the technical sense, and not the least of 
their utility is the education which they 
will provide tor the people serving on 
them. The personnel of such committees 
should shift from time to time to give 
everyone a chance to serve and to get 
the benefit of the education available. 


Safety Equipment a Must 


The safety department has little need 
for authority in the plant. It is just 
about as hard to enforce morality on a 
plant scale as it is by state law or by 
national law. It is the business of the 
employer and of the safety department 
to see that every man in the plant is 
provided with the necessary equipment 
for working both safely and conven- 
iently. To this end the safety depart- 
ment should have a hand in planning 
and purchasing supplies and equipment. 

Aiter the employer has provided the 
necessary process and the 
personal protective equipmerit for the 
operators, the safety job has only begun. 
The rest of the job is education of the 
individual to operate properly within 
the limits of the process and equipment 
provided. This is especially well illus- 
trated in French and Swiss experience 
where the processes of guarding are 
much more highly specialized than they 
are in this country and where also the 
accident rates are much higher than 
here. 


safeguards 


Safety education amounts to detailed 
instructions for each job, and for the 
integration of safe procedures into these 
instructions. 


Education and Safety 


In a broader and eventually more im 
portant view it amounts to the educa- 
tion of individuals in such manner from 
childhood that they will be susceptible 
to this type of instruction. At the mo- 
ment undoubtedly the most important 
thing that safety engineers in the chem- 
ical industry can do is to work toward 
the integration of safety and safe pro- 
cedures into the curricula of the schools 
of chemistry and chemical engineering 
in the colleges and universities. This is 
something which is only beginning to be 
done within the last few years and even 
now only the smallest beginning has 
been made. It will not be the most 
time-consuming part of his job, and will 
probably be the part which shows the 
least immediate return, but it is still the 
most important thing which can be done 
for the industry in general. 
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AND THE CHEMICAL ENGINEER 


GEORGE ARMISTEAD, JR. 


‘ Chemical Engineer, Washington, D. C. 


| ip speaking about satety, it is appro- things, the preservation of property, and 
priate first to define its meaning. To the protection of people from accidents 
me, a chemical engineer looking with I am concerned with the aspects of 
the broad view at plants handling chem- safety peculiar to operations in which 
ical materials, | mean by safety, two the chemical engineer is engaged. I in 
clude in the chemical industries, petro- 
leum refining, rubber processing, the gas 
industry and others employing chemical 

engineering. 


Two basic types of accidents are en- 
countered. The first comprises the type 
occurring to workers in the course of 
their ordinary work and relations with 
one another, along lines more or less 
common to all industry. The second 
comprises accidents which are peculiar 
to our own industry and are primarily 
property damage accidents which may 
or may not affect workers. 

Because of the great energy potentials 
possessed by many of our materials-in- 
process, we must assume that property 
accidents usually affect personnel, some- 
times to a devastating extent. Accidents 
of these types include vessel and piping 
ruptures, ignition of escaping flammable 
materials, escape of toxic materials, 
firebox explosions, etc. In this latter 
type of accident many fatalities and ser 
ious injuries occur, plus a major eco- 
nomic waste from property destruction 
and lost productivity. Study of the 
causes of property damage accidents in 
our industries has shown one very im- 
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portant fact that we must all recognize 
his is that they almost all originate im 
somebody's doing something wrong, even 
though knowledge of the right way ts 
iwailable. It is a. statistical fact that 
ilmost none of our accidents is unfor- 
seeable in the light of present knowl- 
edge. 

Accidents to personnel of the first 
type have been combated for many 
years mishaps are being le~ 
sened with anproved engineering, bette: 
construction materials, safety guards on 
machinery, .the holding of imstruction 
classes of workers, movies, educational 
iens and placards, and continued effort 
to get the worker to think thout avoid 
ne accidents. We may say that all this 
cflort is directed along two general 
lines, that is, (1) education and (2) 
engendering a definite safety conscious 
ness in the employee. Similar ap 
proaches are usable in combating prop 


erty damage accidents. 


Fig. 


Wide-World Phote 


The chemical industries for the last 
fiity years have been expanding so 
greatly in size and changing so much in 
character, that in the minds of most, the 
approache sto safety have not been com 
pletely detined. As a consequence, there 
may not be today the clarity of purpose 
in approaching our own safety problems 
as exists for the personal accidents in 
other industries. Let no one minimize, 
however, the serious safety problems 
vhich have been met and mastered by 
the chemical industries. 

With the advent, in 1913, of the 
thermal cracking process, the petroleum 
industry found itseli saddled with a 
most perplexing safety problem. The 
question of maintaining a high pressure, 
direct-fired cracking vessel riv- 
cted at that) in one piece was great. One 
has only to recall fires and explosions 
which occurred on the old fired vessels 
at Whiting, Bayway, and Beaumont 


(and that the refiners were ignorant of 
many of the fundamentals with which 
they dealt), to wonder how men would 
ever be courageous enough to operate 
such hazardous equipment. Step by 
step, however, through research, engi- 
neering study, and exchange of exper- 
ience, these hazards were overcome 


The thermal cracking process, despite 
the high pressure and temperature and 
the flammable materials-in-process, be- 


came a relatively safe operation. These 
advances were duplicated in other lines 
We may say from observation of the 
past, that we have never encountered a 
hazard which we could not satisfactorily 
overcome, within the petroleum refining 
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industry. One can recall, as an extreme 
the aluminum chloride and hydrochloric 
acid operations of isomerization units 
during the last war. De-pite our inex- 
perience and the vicious corrosive pro 
perties of these chemicals, we were able 
to handle the equipment with an almost 
perfect safety record. In view of this 
history, the premise is justified, namely, 
that with the experience of the past as 
our tool, it is possible to approach com- 
plete elimination of the accidents which 
are peculiar to our industry 

The complete safety program in any 


- 
Wide World Photo 


given plant includes many different di- 
visions of safety activities and the ex- 
perienced chemical engineer is usually 
the ideal type for its supervision. I have 
found that this work can be centralized 
in one man in a plant whom you might 
call a safety supervisor. This is an 
exacting job for him, and rightly so. He 
is in charge of protecting the lives of 
workers, the company’s investment im 
property and the productivity of that 
ivestinent, not to peak of the good 
name of the organization with the gen 
eral public. He must be sufficiently cap 
able to have the respect of operators 
when he talks to them about their equip 
ment, aml that of matntenance men 
when he talks about the sequence, 
scheduling, and manner of doing maim 
tenance work He must know enough 
about safety inspection to appreciate the 
searching-out duties and voluminous 
record which safety imspectors must 
keep, as well as to appraise such engi 
neerms problems as adequacy of statu 
groumhng. blowdown facilities, and or 
ganizational matters as the preparation 
and en‘orcement of engineering stan 
dards. Such responsibilities justify 
men of bigh caliber 

There is a tendency. when a typical 
chemical-handling accident occurs, for 
the peopl concerned to feel it an tso- 
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lated occurrence, a freak, which could 
not have been anticipated, and that the 
industry is thereby defenseless against 
such occurrences. Companies and indi- 
viduals may come to think without an 
openminded and exhaustive survey of 
the field that they have complete knowl- 
edge of it, and that the precautions 
they take are the most effective that 
could be employed. These attitudes, even 
in a degree, are harmful. 

As a matter of fact, accidents peculiar 
to the chemical industry follow well- 
detined types. We find accidents of the 
same type occurring again arid again, 
even though to the subjects, they may 
be completely new. With the utilization 
of the past experience of the whole in- 
dustry, extensive education, and follow- 
up, we can greatly* reduce these acci- 
dents. We have only to make a con- 
certed effort in this direction. 

Below are examples of accidents in 
equipment typical of that which the 
chemical industries employ. To some of 
the victims the occurrence was a com- 
pletely new thing; yet the accident 
occurs repeatedly in widely separated 
plants. 


Fig. 1. Here is a butadiene fire which 
originated from a defect in a pump. Vapor 
blew out, flashed, and this fire ensued. 
While I do not advocate an absolute pro- 
hibition of touching any equipment while 
operating, the attempts to make adjust- 
ments on equipment during operation, in- 
cluding alterations to piping or even work- 
ing on spares not in operation, have re- 
sulted in countless fires, explosions and 
fatalities. Note the operation of the water 
sprays on the storage tanks. This equip- 
ment did a good job on tanks in the back- 
ground which were enveloped in flame. 

Fig. 2. This shows a case of equipment 
failure. Here a cast iron tee was left in a 
300-lb. liquid propane line. The line 
developed tension as it lay in the ground, 
and the tee parted. The whole near-by area 
was enveloped in the vaporizing propane, 
which soon flashed with highly destructive 
results. This is an emphatic illustration of 
the importance of proper materials 

Fig. 3. An illustration of equipment 
failure, this time due to localized corrosion. 
Here the materials were light hydrocarbons 
which soon flashed with destructive results. 
In some processes employing acids such as 
this alkylation unit, you have to use much 
care in‘ operating, as well as diligenee in 
metal inspection 

Fig. 4. An accident caused by an in- 
frequently encountered effect in piping 
This pipe line contained a mixture of air 
and hydrocarbon vapor left from its crude 
oil content. In the preparation for altera- 
tions and repairs, it was evidently ignited, 
and a high speed detonating combustion 
with a heavy shock wave developed. This 
is characteristic of combustion in long con- 
duits, and the flame speeds are in the range 
of 250 ft./sec., many times that of ordinary 
combustion of flammable mixtures. Here 
about two and a half miles of pipe were 
destroyed. Note that the pipe appears to 
have been blasted by an explosive, and has 
come out of the ground at intervals. This 
occurred in Oklahoma. 

Fig. 5. Another view of the pipe line 
explosion effect. This occurred in the 
pressure testing, prior to startup, of a 30- 
in. gas Tine in Pennsylvania. Note the 
sawtooth configuration of the pipe frag- 
ments. In this instance, 3,000 ft. of pipe 
was destroyed. In another occurrence,» in 
1939, more than 20 miles were destroyed in 
a single explosion. Here we have a rela- 
tively rare type of accident, but a survey 
of the field shows its presence, and yields 
information on prevention. 

Fig. 6. Now a gas explosion in a com- 
pressor house without resultant fire. In 
the building damage was.low. Some gas 
compression plant operators have extensive 
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automatic and manual controls to expedite 
shutting-down operations and cutting igni- 
tion sources in case of breaks or major 
release of gas. 

Fig. 7. Here, escaping gas in this pump 
house, containing a pit, ignited with exten- 
sive destruction. Escape of flammable gas 
from equipment must always be reckoned 
with, for this kind of destruction can, and 
does result. 

Fig. 8 A case of vessel rupture from 
thermal expansion. This large heat ex- 
changer had its inlet and outlet blocked 
on the tube side, and the tubes were sub- 
stantially filled with water. It had no 
means of relief from pressure from the 
tube side. When steam was put on the 
shell side, the expansion of the tube side 
liquid raised sufficient pressure to blow off 
the channel end of the exchanger. 

Fig. 9. A view of the channel on the 
ground below. This gives a graphic idea 
of the pressure generated by expanding 
liquid. This sort of accident has 
occurred, in addition to this Gulf Coast 
location, in Kansas and in Indiana, to my 
knowledge. 

Fig. 10. We come now to the exploding 
storage tank, either from the pressure gen- 
erated from external heating or from igni- 
tion of flammable gas contents. This oc- 
curred in New Jersey. It was an asphalt 
cutback tank, I understand, and the bottom 
seam was the weakest. 

Fig. 11. A dramatic view of the end of 
the road for a tank in Texas which blew 
up in precisely the same manner as the 
tank in Fig. 10. she tank rests upside 
down on the two drums in the center top 
Its base remains in the left foreground. 
Here again is precise repetition. 

Recently another tank exploded which 
involved only the roof and upper shell, 
caused by mixing hot oil into the water 
layer. The damage to surrounding tanks 
and equipment was very high. 

Fig. 12. Illustrations of the chim- 
ney or stack effect, a naturally. induced 
draft which can be highly destructive. In 
high equipment or equipment with ver- 
tical passages, it must be expected. In this 
view, the fire occurred on a freight elevator 
shaft, not extraordinarily destructive, but 
illustrative of the effect. Here, incidentally, 
is shown the hazard from asphalt coated 
sheet metal on such a high vertical struc- 
ture. This has also occurred repeatedly. 

Fig. 13. In this catalytic cracking kiln, 
of which the outside of one section is shown, 
a natural draft started, fed at least partly 
from air leaks in the walls, and overheated 
the internals. Some suggestion of the over- 
heating is given by the distorted tube 
sheets. 

Fig. 14. This shows the condition of the 
internals of the kiln. It had become a blast 
furnace from the naturally induced draft 
burning the carbon-impregnated catalyst. 
There were at least three instances of this 
accident. 

Fig. 15. This picture shows the result of 
a chimney effect that initiated combustion 
in a Cottrell precipitator on a carbon black 

lant, following cooling water failure, 

Note the failure of the electrodes. The 
wrought iron frame in the center was 
actually fused in spots. 

Figs. 16 & 17. An example of the ex- 
ploding pressure yessel when subjected to 
fire. There seems to be some impression 
that safety valves if big enough will pro- 
tect a vessel that is enveloped in flame 
during a fire. We must understand that 
this protection is only partial. A dry por- 
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Fig. 


tion of a vessel can get overheated and fail 
even though the relief valve is functioning, 
as this picture shows. These failures are 
particularly dangerous to people. Note how 
this vessel opens up into flat plate. Fig. 17 
is another pressure vessel that has opened 
up under fire conditions. 

Fig. 18. An example of a vessel rupture 
caused from flame envelopment. The fire 
came from the big line shown at the right 
of the photo, and originated from a drain 
nipple failure (which by the way, has an 
unsavory reputation of its own). Parts of 
the vessel shown in the center beyond the 
steelwork were thrown hundreds of feet 

Fig. 19. Fragments from exploded pres 
sure vessels in a New York fire which 
blew through the air several hundred feet 
and killed several bystanders. The history 
of pressure vessel explosions has been con 
sistent and definite. This same thing has 
happened in many other places. 


16. 


I could cite other repetitions of 
dent types. I can recall many instances 


accel 


in recent years where destructive acc 
dents, occurred, 


which obviously could have been avoided 


including fatalities 
by the most elementary education of 
foremen and workers, accompanied by 
consistent safety policies. 

Specifically, | am advocating a thor- 
ough education of workers in 
the 


our in 


dustry on general and specific 


This 


should be accompanied by a continuous 


hazards with which they deal 


program to make them conscious of the 
the plant in 
which they work. This includes not only 
education along fundamental lines, but 
specific consideration of various plant 


safety requirements of 
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units, outlining of procedures to meet 
the 
prac- 


unusual or conditions, 


standardization of 


emergency 
maintenance 
tices, the maximum cooperation between 
operating, maintenance, and safety in- 
spection forces, and other phases. Such 
programs require ingenuity on the part 
of the coordinator of safety activities. 
He must make educational work attrac 
tive and interesting. The use of pub 
lished material, movies, plant demon- 
strations and the like are all important 
phases. Above all, both plant and com- 
pany management must be sympathetic 
with the safety program. 

Regarding the secondary measures in 
connection with fire prevention and pro 
tection, since we cannot presently fore 
cast complete freedom from fires, we 
still have to protect our structures and 
make them as resistant to fire as 
sible 


fire departments and the facilities for 


We must have adequately trained 


combating fires, and we must have first 
aid facilities for the accommodation of 
injured workers. These provisions keep 
little accidents from becoming big ones 
llowever, there is sometimes a tendency 
lor fire protection activities, the giving 
‘ first aid, disaster organization, and 
the like to be confused with preventive 
neasures. These things have to do with 


ndling an accident after it has oc- 


irred. Let no one confuse them with 


revention. They are the things we have 


© do because we failed in our satety 


ftorts. 


*} In summary, I wish to emphasize four 


These are 
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1. The objective of safety eforts within 
the chemical industries must be primarily 
accident prevention. We must not confuse 
the necessity for customary remedial efforts 
with the actual accident prevention 

2. We need continued education of work- 
ers from top to bottom in our industry to 
give them the best means of combating 
hazards. To do this, we need a concerted 
effort to utilize past experience 

3. We need a_ constantly maintained 
Safety consciousness among all our workers. 

4. Management must consider safety as 
whole and must centralize re- 
for it in some effective fashion, 
capable peoph 


one generic 
sponstality 
utilizing 
The 
the 


chemi al engmecr 


the 


must occupy 


front line in campaign for 
safety, and he must accept that responsi- 
bility as an indivisible part of his pro- 
fessional obligation. His endeavors will 
he effective in proportion to his ac- 
ceptance of the possibility of continuous 
improvement in the accident record, and 
the 


liance on remedies. 


rejection of defeatism and the re- 
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FIRE AND EXPLOSION 
PROTECTION 


JAMES J. 


DUGGAN 


Carbide and Carbon Chemicals Company 
South Charleston, West Virginia 


OMPLETING an uneventful flight 

sometime ago, a huge four-engine 
airliner gracefully touched its wheels at 
Shannon Airport in Ireland. During the 
landing run, the pilot called for “flaps 
up,” a routine function cf the copilot. 
Seconds later, a $1,500,000 airplane 
was a pile of junk. The copilot, fa- 
miliar with the control locations of an- 
other type of plane, inadvertently oper- 
ated the landing gear lever, retracting 
the wheels and dropping the moving 
plane to the pavement, 


Rubber production was decreased 
5,000,000 Ibs. monthly when a me- 
chanic used a cap screw instead of 
a stud bolt to hold a packing gland 
in place on a butadiene pump. The 
vapors traveled 185 ft. to a source 
of ignition; fire burned for 6 hrs., 
loss in the millions. 


A small drain valve on the bottom of 
a liquefied petroleum gas storage tank 
became inoperative due to lack of main- 
tenance and use. When the operator 
could not open it, he secured a long- 
handled wrench. Result: fracture in the 
threads of the nipple, releasing uncon- 
trolled millions of cubic feet of flam- 
mable vapor; ignition; extensive dam- 
age to adjacent processing equipment; 
loss in the millions. 


A pot head failure on an incoming 
power line—failure of automatic 
Switching equipment. Result: com- 
plete plant shutdown; loss of all utili- 
ties, including the all-important 
water supply. Luckily, there was no 
ignition of the flammable vapors re- 
leased, but an extremely hazardous 
condition was created throughout 
the processing areas resulting in days 
of lost production. 


In other words, a hazardous opera- 
tion can be anywhere. 

The extent of the hazard depends on 
many factors, and perhaps we will at- 
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tempt to define and correlate some of 
these factors. 

First, we must determine what the 
hazard of the operation is. Is it chem- 
ical? Mechanical? Electrical? Fire? 
Or Human? 

The word “hazardous” is defined by 
Webster as “Depending on chance or 
luck, dangerous or risky.” If we are to 
take this definition literally, when we 
say we have a hazardous operation, then 
we admit that we are taking chances. 
If we admit the operation is risky, then 
we are likewise admitting that we have 
ignored the zequirements of safe oper- 
ation, or we are admitting that we do 
not have the “know how” to operate 
safely. 

There is an old adage that a 
electrician rather than fears 
electricity as a hazard. By the same 
token, I have heard the expression that 
one gallon of gasoline in a silk mill is 
far more dangerous than one hundred 
million gallohs of gasoline in an oil 
refinery 


gor 
respects 


All this points to the primary ques- 
tion: “What is the hazard of the oper- 
ation?” 

lf the chemical phase is not the 
hazard involved then it possibly becomes 
the contributing factor, because indus- 
tries do have fires and explosions. Per 
haps the hazardous phase of the opera- 
tion is mechanical or electrical. If this 
is true, we have disregarded some basic 
requirement because there is sufficient 
mechanical “know how” to design, build 
and operate equipment with sufficient 
mechanical strength and characteristics 
to withstand successfully temperature, 
pressure, corrosive conditions, etc., in 
volved in processes. 

If the hazardous phase of the opera- 
tion is due to the human element, then 
we lack “know how” some place along 
the line. Maybe the designer, the 
builder, the supervisor or the operator 
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has been inadequately informed as to 
the limitations and characteristics of 
the compounds he manuf*ctures or the 
equipment under his supervision. In- 
variably some one connected with the 
operation has the “know how.” If this 
“know how” has not been passed along 
to the group that lives with it every 
day, or if the chemical engineer has not 
passed along the characteristics of the 
compound to the operating personnel, 
then can expect 
loss of human life and loss of produc- 
tion. The answer has been implied: 
Safe operation requires the cooperation 
of all, that each may pass on to the 
other his “know how.” This means that 
group control, to act in an advisory 
capacity to the operating supervision, is 
maximum 


we fires, explosions, 


establish safe 
allowable limits. 

Where such procedures are followed, 
it has been found that hazards are 
minimized regardless of the type of 
product handled. A good example is 
the building and operation of the atomic 
plant at Oak Ridge, Tenn 
Physicists, design engineers and operat 
ing personnel worked closely and in 
complete cooperation on that project, 
one of the most hazardous 
ceived by man. By advanced study and 
all connected with the 
process the potential hazards involved 
were so completely controlled that, in 
the history of the operation of the Oak 
Ridge plant, there has been no appre 
ciable destruction of property. The in 
jury frequency and severity rate place 
it below some of the other industrial 
operations which are classed as non 
hazardous. 

Some industries do have fires and ex 
plosions. It seems we cannot depend 


necessary to 


energy 


ever con 


cooperation of 


upon the design and operating “know 
how” to protect plant properties. It ts 
necessary therefore to apply another 
requirement; the control of fires and 
explosions that occur 

Experience has taught that segrega 
tion is of paramount importance in 
ordef to prevent damage from explos 
ions and the spread of fire to adjacent 
areas. Where adequate spacing between 
processing units and ignition sources is 
provided, a minimum of fire protection 
Where and 
equipment are closely assembled, exten 
sive damage is caused when fires occur 


is required. processes 


unless other protective means are used, 
This can be accomplished in 
different ways: 


several 


1. By resistance construction—the ex 

clusion, as far as possible, of com 
bustible materials. 
By the installation of automatic fire 
extinguishing or control systems, 
such as water sprays or total flooding 
carbon dioxide systems, that are de 
signed to function in times of emer-. 
gency. 
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Standards covering this phase of 
operation are just as adequate as the 
mechanical design standards. 

After all these things have been done, 
a hazard may still exist, sometimes be- 
cause of the inability of man to be two 
places at one time. This is overcome 
by adequate instrumentation and auto- 
matic controls which record such items 
as temperature and pressure and main- 
tain operating conditions within certain 
limits. 

Another phase of instrumentation is 
control under abnormal conditions. 
Safety valves are a good example. Some 
safety valves in use today are little bet- 
ter, as far as capacity is concerned, than 
a whistle. Some standard valves have 
less than 25 per cent of the capacity of 
the nozzle to which they are attached. 
They are token rather than functional 
and when an abnormal condition occurs 
which may involve an increase in pres- 
sure within a closed vessel, it is pos- 
sible that there is only one item in the 
entire process that can alleviate exces- 
sive pressure—the safety valve. If it 
has insufficient capacity, it is of little 
or no value to the operation. 

\gain, after all these things have 
been done, there still may be hazards 
unless the equipment and devices are 
maintained adequately and continuously. 
Deterioration starts with any mechan- 
ical device the day that it is installed. 
Therefore, preventive maintenance pro- 
cedures injected into our 
scheme of things. The useful operating 
plife of mechanical equipment can be in- 
tenfold by operating such 
sequipment within its mechanical limita- 
sions and by preventive maintenance 
P thods which can and do retard deter- 
flor ition. 
| Fortunately, there exist many devices, 
Bmethods and techniques which are of 

ery material our 


must be 


reased 


assistance to us in 
preventive maintenance programs. 
Isotope and radio-tagged chemical 
compounds are finding use in processing 
Their include 


fundamental studies of complex chem- 


technology. many uses 
ical reactions, lubrication efficiency and 
motor wear, and corrosion control; in 
gauges to register the contents of inac- 
cessible tanks, for locating the move- 
ment of bulk materials, to measure and 
control thicknesses of film coatings, 
sheet materials, radiographic ex 
amination of foundry work, 
steel structure other nontranspar- 
ent materials for flaws and imperfec- 
tions. 


welding 
and 


Nondestructive methods are 
being utilized through the use of instru- 
ments wherein metal thickness can be 
determined, corrosion rates established, 
etc., while the equipment remains in 
operation. 


testing 
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Low-temperature stress relief of 
welded metal members is now available 
wherein members can be stress-relieved 
in any location, eliminating the return 
of items to the manufacturer for heat 
treating. 

How are all the requirements for 
control of hazards brought together? 
First, by an organization which brings 
together individuals who have extensive 
knowledge in their field and who have 
shown ability to cope with destructive 
The first requirement of such 
a group should be experience; the sec- 
ond, knowledge of the hazards, and the 
third, technical training. These three 
are rarely found in one individual. More 
likely they are found in a group of six, 
or eight, or ten, but wherever they are, 
they should be brought together. 

If you know your hazards, you will 
respect, not fear them. 


forces. 


Discussion 
Mathew M. Braidech (Chairman of 


Symposium): Has anyone had any ex- 
perience with the use of radioactive 
isotopes in atmospheric grounding for 
static elimination? Reports from the 
field, especially from the cotton indus- 
try, are that it is being tried out in the 
ginning processes where trouble has 
been experienced with so-called “fire- 


packed bales” or fires hidden within the * 


These result from friction burns 
lint accumulation due te 
This occurs particularly in the 
high, dry areas of Texas. This radia- 
tion method of atmospheric grounding 
through ionization has been used in one 
experimental gin with some success. 

F. A. Van Atta: Radioactive static 
eliminators work by alpha-particle bom- 
bardment good for about three to four 
inches from the source of static. If you 
can get a bar up as that to 
where your static is being generated, you 


bales. 
caused by 
Static. 


close as 


can dissipate it. 

The U. S. Radium Corp. is interested 
right now in developing a bar which 
would operate by beta-ray bombardment 


with high energy beta radiation and 
which would be active over considerably 
larger distances; however, it will prob- 
ably be quite sensitive to any dust in 
the atmosphere. We've had some ex- 
perience witi: these things, on a rela- 
tively small scale, particularly over the 
ink fountains in printing plants and in 
rubber plants where one gets consider- 
able amounts of static and pretty des- 
tructive fires. Such eliminators have 
been quite successful. They are easily 
installed and not excessively expensive. 
They are not, however, entirely free 
from hazard to personnel and better get 
a pretty good radiation physicist to look 
the job over. 

R. D. Sieg (Corn Products Refining 
Co., Argo, Ill.): Mr. Duggan, will you 
give the details of your method for 
checking safety valves while operating. 

J. J. Duggan: Our installations 
require that a shut-off or stop valve, 
which is sealed open under normal 
operating conditions, be placed under 
each safety valve. Operating regulations 
require that the unit operator is the only 
individual who has the authority to 
break this seal and close the valve. Like- 
wise, the mechanical inspector alone has 
the authority to seal the valve after it 
has been reopened by the operator. This 
arrangement permits safety valves to be 
removed, repaired and/or tested under 
normal continuous operating conditions 
or, of course, when the unit is down. 

In some locations, particularly with 
large-size valves, we have installed a 
spool or what is called a filler flange 
between the shut-off valve and the 
safety valve with an outlet that permits 
the testing of the safety valve in place 
by closing the shut-off valve and apply- 
ing nitrogen pressure to the valve to de- 
termine its setting. If repairs are neces- 
sary, the valve is then removed, immed- 
iately repaired and replaced. If not, it 
is immediately placed in operation and 
the shut-off valve sealed open by the 
mechanical inspector in the presence of 
the unit operator. 


and fire safety. 


James J. Duggan, for 28 years with Carbide and 
Carbon Chemicals Co., a division of Union Carbide 
and Carbon Corp., is now superintendent, mechanical 


association he was engaged in the field of construction, 
maintenance and operation. The past 17 years have 
been devoted to fire prevention and protection in- 
volving extensive fire research for the design and appli- 
cation of fire extinguishing and control techniques. He 
is the author and coauthor of several articles on fire 
prevention, heat-retardant paints and coatings, etc. 
He is a member of the Research Committee, President's 
Conference on Industrial Safety, member, executive committee and past 
general chairman, Chemical Section, National Safety Council, and National 
Fire Protection Association Technical Committees. 


For the first eleven years of this 
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This type of installation applies to 
manufacturing equipment (unfired pres- 
sure vessels) only, and not to any type 
of steam boilers or steam generating 
equipment, in which case shut-off valves 
are not permitted. 

Loren P. Scoville (Jefferson Chemi 
cal Co., Inc., New York, N. Y.): Mr. 
Duggan. I have seen many cases 
where safety valves would pop on test 
at 100 or 200 lbs. higher than the set 
pressure. We believe it to be absolutely 
essential to have regular tests and in- 
spections on safety valves. 

Furthermore, there are many other 
types of safety equipment used generally, 
such as liquid level alarms on the suc- 
tions to compressors. These pieces of 
equipment do not operate day by day 
and they tend to be forgotten by the 
maintenance crew. However, the fail- 
ure of one can mean a serious fire. 

J. J. Duggan: In all of our plants, as 
Dr. Braidech has said, pressure and at- 
mospheric equipment and their appurte- 
nanees are on periodic schedule: for re- 
test and/or inspection. In the case of 
safety valves, this retest period is estab 
lished by the service record of the par- 
ticular device. All safety valves are 
tested and/or repaired at least once each 
year. Many that are in severe service are 
checked, tested and repaired, if neces- 
sary, as often as once each week. Every 
effort is made to maintain the safety 
valves in operable condition at all times. 
When a safety valve has been actuated, 
we reset and reseat the 
soon as normal conditions 
established. 

The periodic schedules on other types 
of instruments and control devices are 
handled in a similar manner. Such in- 
struments as are used daily are not 
necessarily retested; however, they are 
checked at least once each year and a 
record as to their condition becomes a 
part of the general service record on 
the device. The connecting piping to 
the safety valves or control devices is 
an important part of the device itself. 
Care wtust be exercised in providing 
a sufficient capacity for the service in- 
tended in the original installation and 
thereafter when inspections are made 
piping, manual valves, etc., must receive 
the same attention as the device to which 
they are connected. 

N. H. Walton, (Atlantic Refining 
Co., Philadelphia, Pa.): In Mr. 
Armistead’s presentation, he had a pic- 
ture of a compressor house where there 
had been a failure but no fire. What 
automatic shut-off devices or other 
means are used to effect that result? 

George Armistead: The mention 
which I made of shut-off devices for 
compressors and the like had no par- 
ticular connection with the lack of fire 
in the compressor house which I showed 


valve as 
have been 
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on the slide. It just happened that there 
was not a fire in this particular instance. 

However, the company on whose pro- 
peries this compressor explosion oc- 
curred does have two kinds of emer 
gency shut-down provisions for compres- 
sors, which are very valuable from the 
safety standpoint. One is the ordinary 
high level type of alarm and shutoff 
which will shut the compressor down 
in case of a high liquid level in the 
suction drum. The other arrangement 
is the provision of numerous manual 
push-button stations located around the 
plant area where operators can shut 
down the compressors and the boiler 
house in case of any justifying circum- 
stance, such as a gas line break or the 
like. It is sometimes of great impor- 
tance to cut all fires and possible elec- 
trical ignition points in order to prevent 
a fire from the escape of gas. In all 
probability this system was used in the 
fire exhibited on the slide, although our 
records do not show that. 

J. H. Nichols (St. Louis, Mo.): Mr 
Duggan, how does the safety depart- 
ment cooperate with the maintenance 
department in your organization on in- 
specting metal pressure vessels, etc., on 
installation as well as later on? 

J. J. Duggan: All types of inspections 
and tests are performed by the personnel 
of the mechanical division of the safety 
department in cooperation with the main- 
tenance department in that the apparatus 
to be tested is usually prepared for test 
by the maintenance mechanics. The me 
chanical inspector is responsible for the 
application of the test pressure and 
medium, etc., and written reports indi- 
cate the results of the test. Our me- 
chanical safety groups are part of the 
general safety department; however. the 
group serves basically as a mechas:cal 
engineering division and is composed of 
men with technical backgrounds or with 
long practical experience in the mechan 
ical field. 

J.H. Nichols: Is it only in special 
cases that extra attention is given to 
the amount of tension on bolts, etc.? 

J. J. Duggan: No, that is not in 
every case. To clear that up—the main- 
tenance department when it repairs a 
piece of heavy flanged and bolted assem- 
blies, etc., calls in the mechanical in- 
spector. It is the job of the mechanical 
inspector to supervise the uniformity of 
stress on each bolt, which has been 
predetermined by the engineering de- 
partment. 

Cecil Rose (Sheffield, Ala.) : How do 
you go about grounding some of this 
equipment—pipe lines, and other-vessels 
—to prevent danger from sparks? 

H. L. Miner: I recall a static prob 
lem with a battery of long coating ma- 
chines which occurred many years ago. 
The coating material was thinned with 
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‘otherwise protecte 


a highly flammable solvent. Solvent was 
evaporated in the machines to bring the 
solvent-air mixture in them above the 
upper limits of their explosive range to 
prevent an explosion should static 
spark or discharge take place when the 
machines were started up. During the 
operation of the machines, which were 
steam-heated, the solvent 
condensed by circulating the vapor-air 
mixture condensing coils, thus 
keeping the vapor-air mixture in the 
machines below the lower limits of the 
explosive range. 


vapors were 


over 


Hiowever, when the 
machines were started up, possibly at 
times during their operation, and when 
they were stopped, the vapor-air mix- 
ture passed from the rich through the 
explosive range into the lean or vapor- 
free range or vice versa 

An electrical engineer was continually 
checking the machines to spot locations 
where static electricity was being gen 
erated or accumulating so that that pa 
of the machine could be grounded o 
Finally a heav 
copper cable was run full length of eac 
machine, and every part where stati 
was being generated or accumulatin 
was effectively grounded or bonded t 
the cable which in turn was effectivels 
grounded or bonded at each end and it 
the middle to water piping, so that th 
breaking or loosening’ of a ground wird 
or even breaking of the main 
would ‘not destroy the effectiveness of 
the machine-grounding system. 

Previous to this, several severe flash 
fires and explosions had occurred, with 
injury to employees and extensive 
property damage. After the machines 
were effecwwvely grounded, so that, first, 
the machines were thoroughly balanced, 
static charges could not discharge from 
one part or another, and second, static 
could not accumulate in sufficient 
amounts to become dangerous, no fur 
ther fires or explosions were experi- 
enced. However, one morning when the 
manager was passing a machine he 
noted a loosened ground connection on 
one of the coating knives, and before the 
electrician could be reached to secure it 
a discharge took place and fire resulted, 
which emphasizes the importance of 
maintaining all ground connections in 
good condition. 

M. M. Braidech: There are two 
principal points in preventing static: 
(1) to throw all equipment where static 
may be developed or accumulated into 
balance, which prevents the discharge 
from one point to another, and (2) then 
lead it off to a ground. 

E. T. Neill (Dow Chemical Co.. 
Freeport, Tex.): Mr.. Armistead said 
that a safety valve on a pressure vessel 
is no guarantee against rupture during 
fire. He said there should be a sprinkler 
system or insulation for full protection 


cable 
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ae 


of pressure vessels of flammable ma- 
terials. 

George Armistead: Experience has 
repeatedly shown that relief valves set 
slightly above normal operating pressure 
Either in- 
sulation or some kind of cooling spray, 


are not complete protection. 


or both, are necessary to keep dry walls 
from getting overheated by enveloping 
flame and losing strength to the »oint 
of tailure. The choice between insula 
tion and cooling sprays depends upon 
the water 
supply and runoff problem is so difficult 
that insulation is 


circumstances. Sometimes 


indicated. Insulation 


Is gener ally foolproof and re latively low 
cost, but you have to be sure that it is 
applied well enough to stay on in case 


oft a near-by explosion or torch fire. If 
it falls off, the vessel is right back with- 
out protection again. Mr. Duggan has 
his slides where 
insulation stood up well, but there is also 

some rather bad history for insulation 


shown some cases on 


ts lunction as hre protection was not 


swhich I attribute mainly to the fact that 
considered when its design was worked 
mut. | no doubt that 


1p insulation that will stand up ruggedly 


have you can set 


mder fire conditions. 


Phen, of course, there is still another 
Iternative. You can have a blowdown 
That is, you have 


ither to keep dry pressure vessel walls 


r dropout system 


ool or you have to release the pressure 
n the vessel. An intentionally operated 
lowdown facility is not always prac- 
ical. If lot of tanks of 
ropane or butadiene or volatile material 
ke that, it may be impractical to blow 
| that down somewhere, beth from the 
disposal and the 
oblem in resultant 
system. 


vou have a 


dantity standpoint 
and 


are 


vaporization 

trigeration the 
_ ire cases, however, where you 

n easily handle vaporizable materials 
by blowdown, particularly with the less 
volatile liquids and vapor. Furthermore 
there the 
where large propane 
dropped out tankage 
vented to a stack in which only a partial 
pressure reduction takes place. Such a 
system can drop out the main body of 
flammable liquid and help to clear the 
vessel, but of course you have ultimately 
to vent get the 


down. I should emphasize 


are installations in country 


volumes of are 


mito emergency 


Vapor to pressure 
that 
for protection of such vessels you have 


either to 


protect dry walls from 


ting overheated by enveloping flame. ot 


get 


you have to be able to reduce the pres- 
sure to where The 
pur 


failure cannot occur. 


relief valve does not serve these 


poses. 

E. T. Neill: In calculating the size of 
safety valves for fire protection I un 
derstand there are about seven different 
methods used, and some 


give sizes as 
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much as eight times that of others. 
What method would you recommend? 

J. J. Duggan: In determining the re- 
quired capacity of safety valves, com- 
plete knowledge of the operating condi- 
tions which the device is to serve is the 
primary requirement. In some instances, 
such as air receivers, the capacity would 
’ «sed on the pumping capacity of the 
For 


re- 


pressor of which it is a part. 
kettles, fired type boilers, ete., the 
quired capacity would be determined by 
the heat input from the heating coil in 
the tank, etc. In the case of protection 
against fire exposure, capacity of the 
safety devices would have to be based 
on the most severe condition to which 
the vessel would be subjected. In other 
words, it has rather definitely 
established that an uninsulated or un 
protected tank containing liquid when 
exposed to fire will absorb heat at the 
minimum rate of 20,000 B.t.u./(hr.) 
(sq.ft.) of the internal surface wetted 
by the contained liquid. In this case. 
the safety valve capacity would be based 
on that rate of heat input. It has like- 
wise been rather definitely established 
that vessels protected by noncombustible 
insulation or by water sprays will, un- 
der maximum fire exposure conditions, 
absorb heat at the rate of only 6,000 
B.t.u./ Chr.) (sq.it.). this the 
safety devices could be based on that 
figure. Generally speaking, to prevent 
overpressure in the vessels, the devices 
must be based on pumping rates, expan- 
sion due to operating temperatures, or 
input, the 
higher, giving due consideration to the 
protection afforded the 
service in which the vessel is used. 

As Mr. Armistead has mentioned, the 
valve, regardless 


been 


case, 


possible heat whichever is 


type of 


presence of a safety 
of capacity, is not always the answer 
to the safety of a vessel under abnormal 
conditions such as fire exposure, in 
which case water sprays, noncombustible 
insulation or blow-down lines should be 
used to supplement the safety devices. 

E. T. Neill: | have come up against 
the problem of storing ethylene oxide in 
large quantities. I understand it is a 
hazardous fluid to store even in small 
quantities. Has anyone investigated and 
arrived at a safe method of storing it? 

J. J. Duggan: 
mental work has been done recently and 
within the next few months a new L.C.C. 
requirement will be issued. The Manu- 
facturing Chemists’ Association has a 
brochure on this requirement also. 

The test data indicate that al- 
though ethylene liquid is a 
stable compound under conditions of 
both shock and elevated temperatures, 
the vapor is unstable, has an 
automatic ignition temperature of 
1040° F., and will decompose at that 


Considerable experi- 


oxide 
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temperature in a pure state, resulting in 
explosion pressures, the ratio of which 
is approximately 16 to 1. As a compar- 
ison, the explosion pressure ratio of 
acetylene when detonated is in the range 
of 10 to 1; therefore, ethylene oxide 
vapor may be a greater hazard from an 
explosion standpoint than acetylene. 
Sasically, the protection required for 
tanks and equipment containing ethylene 
oxide is noncombustible insulation or 
automatically actuated water sprays 
which will prevent the shell in contact 
with the vapor phase from reaching the 
ignition temperature of 1040° F. 

Anonymous: In processing cutback 
asphalt the mixing is done by pumping 
out from a bottom connection and 
pumping to an overhead line in the top 
connection, which possibly (and we 
think results in static generation. 
We are interested in finding some way 
ot guarding against fire from such a 
cause. 

J.J. Duggan: Research and experi- 
ence have definitely established that sta 
tic electricity can be generated by the 


so} 


dissociation of particles; therefore, the 
act of circulating, such as vou describe, 
as the pumping out of the bottom and 
into the top of the same container, will 
generate static and unless it can be dis 
sipated as fast as it is generated may 
build up a charge in excess of 10,000 vy. 
This is true with any liquid. Experience 
indicates that tanks 
properly grounded according to 
National Electrical the act of 
circulating such as you describe or the 
pumping in over the top have caused 
generation of static so that 
charges have been built up in the con- 
tained liquid faster than could be dissi- 
pated by the tank shell, thereby creating 
a differential the contained 
liquid and the tank shell which have 
been responsible for static sparks that 
have set off explosions. The answer is, 
do not pump in over the top. Filling 
or circulating lines should be extended 
to below the liquid surface, thus elimi- 
nating the 
of particles which is known to generate 
stz tic. 

George Armistead: Only about 
three month ago we had 
a rupture of a tank from this very same 
cause, pumping in over the top with 


been 
the 


where have 


Code, 


rapidly 


between 


possibility of dissociation 


weeks a 


resultant generation of static electricity 
and the blowing off of the roof. Fortu- 
nately, no fatalities or injuries occurred 
This is a continual tank ex 
plosions, and the answer is, to pump 
the bottom, under the 


cause of 


material in at 
liquid level, 


(The articles on Safety in this issue and 
in the December, 1951 issue, were adapted 
from a Symposium on Safety held at the 
Kansas City meeting. M. M. Braidech was 
ts chairman.) 
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PRODUCING FUEL OIL FROM COAL 


E. L. CLARK, R. W. HITESHUE, and H. J. KANDINER t 


U. S. Bureau of Mines, Bruceton, Pennsylvania 


It has been shown previously both on a pilot plant and industrial scale 
that fuel oil can be produced by the liquid phase high-pressure hydro- 
genation of coal. Recent work by the Bureau of Mines has indicated 
that impregnation of catalysts on the coal surface greatly increases the 
activity of certain hydrogenation catalysts. This increased catalyst ac- 
tivity has been utilized to decrease the hydrogen pressure necessary for 
the conversion of coal to usable fuel oils. Yields equivalent to 3 bbl. of 
fuel oil and 3500 cu. ft. of hydrocarbon gas per ton of Rock Springs 
Wyoming coal are obtained in a continuous pilot plant operating at 


1500 lb. /sq.in.gage. 


NE of the methods of producing 

synthetic liquid fuels from coal is 
by direct hydrogenation. The usual pro- 
cedure is, first, to convert the coal into 
an oil by hydrogenation and, in a second 
processing section, to hydrogenate this 
further and reduce its molecular 
weight in order to obtain gasoline and 
other specification fuels. The first step, 
or so-called liquefaction of coal, in 
which it is partially converted to an oil, 
is the more difficult and expensive por- 
tion of the hydrogenation process. The 
laboratory and pilot-plant investigations 
at the Bruceton laboratories of the 
Bureau of Mines are directed primarily 
toward improving the economics of this 


oil 


step. 

Preliminary data for pilot-plant inves- 
tigations are obtained in the laboratory 
on a small scale using batch autoclaves 
and methods which have been described 
previously (4). The early pilot-plant 
work considered the available types of 
stock and the effects of certain 
process variables. Data on the amen- 
ability to hydrogenation of typical 
United States coals were obtained (10). 
A series of runs considering the effects 
of temperature and contact time also has 
been reported (3). In this latter work 
it was shown that tuel oil meeting the 
requirements of A.S.T.M. 6-grade could 
be produced by the hydrogenation of 
coal at pressures of 3500 to 4500 Ib. 
sq.in. A recent paper on pilot plant scale 
catalyst testing verifies previous batch 


teed 


laboratory data and also reports on mid- 
dle oil production from coal (6) 
The belief that some advantage exists 


Allied 
Phila- 
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in the conversion of coal to heavy oil 
at low pressures is not recent. The Pott 
Broche (8) extraction process solvated 
coal using 
mixtures with essentially no hydrogen 


tetralin-cresol-naphthalene 


absorption and without hydrogen pres- 
sures except that produced in the proc- 
Storch (9) reports the results of 
a research program started during the 
World War II for the production of 
fuel oil from coal at a pressure of 1,000 
Ib./sq.in. In both these cases the tem- 
perature of operation had to be rela- 
tively low (380° C. to 420° C.) to avoid 
coking difficulties. As a result, long con- 
tact times were required in the low 
pressure hydrogenation. The solvent 
action of the vehicle reduced the contact 
time required in the extraction process, 
but the resulting coal extract was not 
suitable fuel-oil use and further 
treatment by hydrogenation was found 
used as a 
low-ash raw material for the manufac- 
ture of carbon electrodes. 


ess. 


for 


to be uneconomical. It was 


The present paper reports a series of 
pilot-plant studies of the conversion of 
Rock Springs Coal (D. O. Clarke Mine 
No. 9, Superior, Wyo.) into fuel oil at 
an operating pressure of 1500 Ib./sq.in. 
Although this is by no means a low- 
pressure operation, it represents a con- 
siderable decrease in the pressures 
(4,000 to 10,000 Ib./in.) normally used 
in European industrial coal-hydrogena- 
tion plants. In addition, 1500 tb. /sq.in. 
represents an upper limit above which 
it becomes increasingly difficult to use 
standard, easily available equipment. 


Mechanism and Catalysis 


The problems associated with low- 
pressure hydrogenation of coal can be 
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considered conveniently in the light of 
a postulated mechanism for coal hydro- 
genation. H. Broche (17), ¢ M. 
Cawley (2) and more recently Weller 
et al (717) that first 
thermally split into reactive fragments 


suggest coal ts 
which subsequently either polymerize to 
form benzene-insoluble material refrac 
tory to hydrogenation or are stabilized 
by the 
benzene--oluble 


addition of hydrogen to torn 
materials Either of 
these might be catalyzed off 
affected by process conditions of pres4 


sure and temperature. Batch autoclay 
following: Ii the 


steps 


data (7) show the 
partial pressure ot hydrogen is reduced 
at a fixed temperature, at some pressure 
the rate of stabilization of the reactive 
fragments (formed at a rate dependent 
on temperature), becomes sufficiently 
slow to permit their polymerization to 
insoluble materials. If the 
fixed at a level 
takes place easily and if the temperature 
the amount of 


soluble material produced in the reaction 


pressure is 
where hydrogenation 


is raised henzene-it 


reaches a minimum and then begins to 
increase 

In order to operate a plant at a tem 
perature high enough to permit a rea 
sonably low reaction time 


and avoid 


formation of solids, some means must 


he employed either to retard selectively 


the polymerization of the fragments or 
to increase selectively the rate of their 
the low-pressure 
hydrogenation experiments reported by 
Storch (9%), 
and long contact time reduced the for- 
mation of insolubles. In 
coal, the spectal solvents used minimized 


hydrogenation In 


low reaction temperature 


solvation of 


formation of imsolubles and made opera- 
tion possible. 
Catalysis of the coal-hydrogenation 


reaction has been covered quite ade 
quately in the literature. It is 
certain that each metallic 
any potential catalytic promise has been 
tested with 
other elements for its activity as a cata- 
lyst. The data and literature survey 
furnished by Weller et al (13) give the 


results of 


almost 
element with 
combination 


alone and in 


several comparative studies. 
It is reported that, of the 


binations tested, tin (in any 


many com- 


lorm) pro- 
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ted with hydrochloric acid gives the 
st results in the conversion of: coal. 
cent autoclave experiments at the 
reau of Mines (12) have shown a 
arked beneficial effect when certain 
talysts are impregnated on the coal 
riace by using water solutions. This 
provement in catalyst activity was 
rge enough to suggest the possibility 
of using these catalysts to decrease the 
pressure of operation 


Description of Piant. A simplified flow 
sheet of the coal-hydrogenation pilot plant 
is shown in Figure 1. This plant, originally 
designed for operation at 4500 1Ib./sq.in., 
has been described in detail (3,6), but, as 
in most experimental units, has undergone 
some minor chances. Crushed, dried coal is 
ground to 90% through 200 mesh, treated 
with catalyst, by mixing the crushed coal 
with an equal volume of water solution of 
catalyst, redried at 150° F. in a tray drier, 
mixed with recycled centrifuged heavy oil 
in batches sufficient for eight hours’ opera- 
tion, and the resulting 35 wt. % coal-in-oil 
paste is fed via a circulating pump to a 
high-pressure injection pump.* Hydrogen 
is drawn from a 60,000-cu.ft. gasholder by 
a 5-stage reciprocating compressor. The 
«<oal paste-hydrogen mixture passes through 

* The normal procedures for adding cata- 
llysts are either to mix the catalyst in 
powdered form with the coal-recycle oil 
paste or to prepare a catalyst-oil slurry and 
add this slurry to the coal-recycle oil paste 
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1. Schematic flow diagram, fuel oil experimental plant. 


two reactors in series. These reactors are 
3-in. internal-diameter tubes fitted with re- 
movable liners of 2-in. extra-heavy pipe, 
the feed entering at the bottom and leaving 
via an internal standpipe. The reactors are 
heated electrically ; part of the first reactor 
is used to preheat feed to reaction temper- 
ature. The reaction volume, allowing for 
internal thermocouple wells and standpipe, 
is 200 cu.in. for each reactor. From the 
second reactor, the products pass into a 
heavy-oil trap fitted with a reflux coil and 
maintained at 100° C. where the heavy oil 
is removed through manually operated 
pressure let-down valves. The heavy oil is 
centrifuged, after sampling, to remove 
solids, and part of this centrifuged oil is 
used to make paste for subsequent feed: 
the remainder of the centrifuged heavy oil 
is taken as product. Vapors leaving the 
high-pressure heavy oil separator are cooled 
by direct injection of water, and some light 
oil is condensed. This water-washing re- 
moves the bulk of the hydrogen sulfide, 
ammonia and other soluble products and, 
after passing through an additional liquid 
trap, the uncondensed overhead gas (tail 
gas) is reduced in pressure and returned 
to the compressor suction line. A constant 
purge of recycle gas (purge gas) is taken 
to maintain a predetermined hydrogen pur- 
ity. 


Plant Operation and Control 


The plant balance is dependent, of 
course, on metering and enalyzing inlet 
and outlet streams. The inlet streams 
include the coal paste fed from a weigh- 
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ing tank and the make-up hydrogen de- 
livered from a gasholder through a 
bellows-type gas meter to the compres- 
sor. The inlet scrubbing water is meas- 
ured by taking periodic levels on the 
water feed tank. Two liquid products, 
heavy oil and light oil plus water, are 
weighed after reduction in pressure. The 
product gas streams, flashed off when 
liquid products are reduced in pressure, 
are metered, combined with the metered 
purge, and collected in a common gas- 
holder where a composite sample is ob- 
tained for analysis. 

The plant data are made consistent 
with a carbon and material balance over 
the plant by correcting the observed gas 
production and the total paste feed. In 
general these corrections are small per- 
centages of the observed values. The 
hydrogen consumption is obtained by 
metering make-up hydrogen to the com- 
pressor and subtracting the hydrogen 
content of the tail and purge gas 
streams. The nitrogen, sulfur and oxy- 
gen removal is obtained by ultimate 
analysis of feed and product and used 
to calculate ammonia, hydrogen sulfide 
and water produced in the hydrogena- 
tion. Analytical techniques and the de- 
tails of obtaining plant balances and 
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estimating equivalent contact time at 
some particular specified temperature in 
a reactor having some variation in tem- 
perature have been described in detail 
(6). 

Because liquid-phase coal hydrogena- 
tion is a recycle operation, a number of 
operating periods must be completed so 
that an “equilibrium recycle oil” is used 
for preparing coal-paste feed before re- 
liable results can be obtained. This 
problem is a common one in any pilot- 
plant investigation where a_ recycle 
stream is employed but is of possibly 
greater importance in this case because 
of the recycle oil-to-coal ratio. A rough 
picture of the time required to stabilize 
the plant operation is given in Figure 2 
where viscosity (SSU at 180°F.), 
asphaltene content (asphaltene is defined 
as material soluble in chloroform and 
insoluble in n-hexane), and chloroform- 
insoluble material content for product 
heavy oil are given for each 8-hr. oper- 
ating period (batch). Data plotted in- 
clude a change in operating conditions 
where the paste feed rate is increased 
from 10 Ib./hr. in test A to 17 Ib./hr. 
in test B with all other conditions con- 
stant. After the first three or four 
hatches of test 3, a fairly uniform prod- 
uct oil was obtained according to the 
analyses plotted as criteria. Almost 
twice this length of time is required 
at a lower feed rate. As each series of 
tests on a new catalyst is started with 
a catalyst-free topped tar-oil, the first 
test period of several 8-hr. batches with 
each catalyst is usually discarded, and 
this period is utilized to increase the 
coal concentration to operating require- 
ments from a lower start-up concentra- 
tion of 20 wt. % and to check the 
mechanical operation of plant equip- 
ment. 


Experimental Data. Yields obtained m 
the pilot plant using four different catalysts 
are given in Table 1. In all cases, a high- 
volatile C bituminous coal of the Rock 
Springs bed (D. O. Clarke Mine, No. 9, 
Superior, Wyo.) was used. This coal has 
the typical (as received) ultimate analysis 
as shown in Table A. 


TABLE A 


R 


(by dif 
ference) 
Ash 


Catalysts tested are all used in soluble 
form to permit impregnation of the coal 
by a water solution of the catalyst: molyb- 
denum as ammonium molybdate; nickel as 
nickel(ous) chloride; tin as _ stannous 
chloride; iron as ferrous sulfate. Nickel, 
iron and tin had been tested in the pilot 
plant at 3500 Ib./sq.in. and both nickel and 
iron, while not as active as tin for the 
conversion of coal, showed some promise 
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(6). Nickel particularly gave good evi- 
dence of being at least as active as tin in 
the reduction of asphalt, while the low cost 
or iron catalyst made the use of higher cata- 
lyst concentration possible to counteract its 
low activity. Molybdenum catalyst gave 
promise in autoclave tests of being superior 
to tin which has been considered the best 
catalyst known for coal hydrogenation (12). 
In order to obtain this high activity it was 
necessary to neutralize the alkalinity of tne 
coal, and this was done by adding sulfuric 
acid to the ammonium molybdate solution 
used for the impregnation ot the coal. The 
coal used required an average of 7.4 g. of 
sulfuric acid/kg. of coal for complete 
neutralization. To prevent corrosion only 
70% of the alkalinity of the coal was neu- 
tralized in pilot plant operation. 

Two paste feed rates were tried with 
each catalyst: approximately 10 and 16-17 
Ib./hr. Temperature, pressure, and hydro- 
gen circulation rate were kept constant in 
all except one case. (Run 13, test 5 repeats 
test 2 with a decreased hydrogen circulation 
rate.) Each catalyst was run at two con- 
tact times, and, in the case of nickel cata- 
lyst, run 12 repeated run 11D with the 
addition of baffles in one of the two con- 
verters 


Examination of Table 1 reveals only 
minor differences between the various 
catalysts as far as gross product distri- 
bution is concerned with the exception 
of run 14, test 3. In this particular 
case, use of iron catalyst at a contact 
time of approximately half an hour 
gives a low oil yield and a higher yield 
of benzene-insoluble material than any 


WEIGHT- PERCENT 
CHCis INSOLS 


viscosity, SSU AT 
3 5 


of the other tests listed. In fact, the 
fraction of the coal charged which is 
converted to liquid and gas (100 minus 
the organic material insoluble in ben- 
zene) is sufficiently low as to make 
extended continuous operation under 
these conditions rather doubtful. The 
high oil yield listed for iron catalyst at 
0.51 hr. contact time (run 14, test 3) is 
somewhat misleading. When this oper- 
ation was continued increasing solids 
forced a shutdown of the plant. Using 
the balance of the data of Table 1, it 
is difficult to make any conclusions about 
the relative activity of the remaining 
three catalysts. This is due to the large 
juantity of recycle oil relative to coal 
in the feed (€5% oil and 35% coal). 
This oil is susceptible to both thermal 
cracking and hydrogenation in_ its 
passage through the plant, and some of 
the oil and gas production observed is a 
result of reactions of the recycled oil 
Correction of the yield calculations for 
recycle oil to obtain the product distri- 
bution from coal thus exerts a dampen- 
ing effect on any variations. 

The anticipated increase in hydrocar- 
bon gas production with an increase in 
contact time can be observed for all 
catalysts tested. The molybdenum cata- 
lyst seems to produce higher hydrocar- 
bon gas yields than any of the other 
catalysts. One would expect higher 
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water yields as contact time is increased 
due to better oxygen elimination. This 
is indeed so for all catalysts except iron, 
and in the case of iron the plant opera- 
tion at the lower contact time was quite 
unsteady and the data somewhat less 
reliable. 

To avoid this obscuring effect, it is 
convenient to study the behavior of the 
plant relative to total feed. Two useful 


criteria can be calculated: the per cent 
“organic insolubles remaining,” defined 
as: 


The m.a.f. coal is regarded as being 
either all organic material insoluble in 


organic insolubles in heavy oil, Ibs. 


organic insolubles in pasting oil, Ibs. + m.a.i. coal, Ibs. 


and the per cent “asphaltene remaining,” defined as : 
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asphaltenes 
asphaltene in pasting oil, Ibs. +m.a.f. coal, Ibs. 


in heavy oil, Ibs. 


benzene or potential asphaltene, respec- 
tively. These values are plotted in Fig- 
ures 3 and 4 for the four catalysts tested. 
The points for individual data periods 
have been used in these plots as opposed 
to the data in Table 1, which gives aver- 
age test values for several data periods. 
There is considerable scattering, and the 
lines drawn should be considered as rep- 
resenting approximate levels of activity 
rather than exact loci. Data for molyb- 
denum at the longer contact time were 
particularly widely separated, and sev- 
eral of the points were omitted from 
drawing the curve 
It is believed that, in spite of 


consideration in 
shown. 
these uncertainties, as far as organic 

solubles remaining, the order of de- 
creasing activity in these catalysts is as 
molybdenum, tin, nickel and 
In evaluating asphalt reduction, 
the same order is found to be correct, 
with nickel and tin approximately equal 


These data on the relative activity of the 


follows: 
iron. 


catalysts tested show good agreement 
with batch autoclave data (2). 

Still another criterion of 
activity having, possibly, more practical 


catalyst 


significance is the character of the un- 
centrifuged heavy oil préduced. The 
average analyses of heavy-oil products 
obtained in the various tests are listed 
in Table 2. 


molybdenum 


The material obtained with 

catalyst is of superior 
quality, having lower viscosity, asphalt 
insolubles, and sulfur 
higher percentage of hydrogen and oil 
distillable to 355° C. It is quite feasible 
to use product oils obtained with other 
catalysts fuel The ash 
contents are reduced to below 1% by 
the centrifuging normally 
used to remove solids in the plant oper- 
atior. The lower throughput tests (11 
D-2, 12-2, 14-2, 13-2 and 5, and 15-2) 
all produce fuel oils of proper viscosity 
Consideration of these 


contents and a 


as heavy oil. 


operation 


and ash content. 
analytical data, however, does substan 
tiate the good activity of molybdenum 
catalyst even when compared with tin 
for this type of operation with this par- 
ticular coal. 

After the initial run at pressures of 
1500 Ib. /sq.in. was performed 
with nickel catalyst (run 11D), it was 
felt that one reason for the success of 
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the operation might be the increased 
agitation obtained from the flow of a 
larger volume of hydrogen gas at re- 
action conditions compared with that 
flowing in previous high-pressure pilot- 
plant runs. A glass mock-up of the 
reactor liner was constructed with water 
and air substituted for the coal-paste 
feed and hydrogen, respectively, to ob- 
tain some comparison of the high-pres- 
sure and low-pressure reactor operation. 
The change in gas velocity due to in- 
pressures of 1500 
Ib./sq.in. gage compared to 3500 Ib. 


creased volume at 
sq.in. gage was sufficient to give con- 
turbulence as estimated by 
visual examination. There appeared to 
be enough turbulence, possibly, to ap- 
proach the case of a completely mixed 
reactor. It was decided to insert five 
baffles into the second converter and 
thus subdivide the reaction volume into 
six separate mixing chambers. This sub- 


siderable 


division could be expected to give a 
considerable increase in the conversion 
if the original reactor were considered 
to be completely mixed, and the reaction 
assumed to be a first-order reaction 
Both these assumptions are only partly 
possible, and it was not too surprising 
to observe little if any improvement in 
the data obtained in run 12 when com- 
pared with run 11D (Tables 1 and 2). 

An attempt to evaluate the effect of 
turbulence was made in ren 13 where 
the conditions of tests 2 and 4 with 
molybdenum catalyst are repeated in 
test 5 with the hydrogen circulation 
rate reduced from 600 std. cu.ft./hr. to 
300 std. cu.ft./hr. No apparent decrease 
in conversion is noted as a result of the 
decrease in hydrogen fiow rate. Some 
improvement in light-ends recovery can 
be observed in the increased production 
of material distillable to 300°C. (see 
Table 2). Although the above resuits 
are not conclusive, it would appear that 
the effect of turbulence due to gas flow 
is not large in the range investigated. 


Comment 


The prime purpose of most pilot-plant 
work is to examine the feasibility of a 
process or a set of processing conditions 
for possible large-scale application.* In 
order to evaluate the results, it is neces- 
sary to know the effect on the yieid 
data of enlarging the plant. For illus- 
tration purposes, the yield data obtained 
in test 3 of run 12 have been converted 


* Detailed data on gas composition, tar 
acid and tar base production and boiling 
ranges of oil products are available and 
may be obtained by writing the authors at 
the Bureau of Mines, 4800 Forbes Street. 
Pittsburgh, Pa. 
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to petroleum engineering units in Table 
3, and additional data have been added 
indicating composition of the hydrocar- 
bon gas produced all based on a ton of 
coal as charged to the plant (1830 Ibs. 
of moisture-and-ash-free coal). It 
should be realized that the product data 
are obtained by analyses performed on 
a total stream and the recoverable prod- 
ucts may be somewhat less depending on 
the plant separation techniques used 


For example, the “oil produced” value 
of 3.16 bbl. represents oil containing 16% 
of insoluble material, and, while the 
solids are not included in the quantity 
of soluble oils given, some oil is lost in 
removing the undesired solids. The hy- 
drogen used in the pilot plant is calcu 
lated by the difference in hydrogen con 
tent of incoming and outgoing streams, 
and this method of calculation corrects 
for the hydrogen gas mixed with gas 
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TABLE 3.—YIELD DATA 
Besis - 1 ton coel as charged (1530 Ibe m.e+f. Rock Springs coal) 


Processing Conditions: 


Saledle or Useble Products 


ou 


1500 peseiege, LOO°C., Mi catalyst 


Hycrocerbon gas ------------------ 


Bol. 
3720 eu. 


(42 gale 5.74 


ammonia - 


uydrogen gulfide ---------------- 


eTer acids 


Ter bares 


Hycrocerbon=Ges Anslysis 


ld. 


Ter and bases included in 


cous hydrocarbons in the product gas 
streams, This hydrogen gas is not com- 
pletely recoverable, and some hydrogen 
must be lost in a large plant via purge 
treams to keep the noncondensable gas 
content under control. Thus, the value 
listed in the yield data will be increased 
for a large plant the increase 
depending on the gas-producing and 
recovery methods. 
It can, therefore, 


with 


be concluded that a 
ton of this coal will produce approxi- 
Smately 3.2 bbl. of fuel oil, 3500 cu.ft. 
pol hydrocarbon gas, and possibly 35 Ibs. 
pot recoverable by-products. 


( Ammonia, 

sulfide, tar tar 
This will require more than 
15,000 cu.ft. of hydrogen/ton of coal. 
The catalyst requirement of 10 Ib. of 
nickel/ton of coal is high, but the bulk 
of this catalyst is concentrated in the 


hydrogen acids and 


bases ) 


residue obtained on centrifugation and 
might be recoverable. Comparing these 
results with high-pressure hydrogena- 
tion of coal to produce heavy fuel oil 
is reported by Hirst et al. (5), it is 
found that at 700 atm. pressure (10,300 
gauge), 3.7 bbls. of oil of 
similar quality, 2,000 cu.it. of hydro- 


Ibs. /sq.in 


carbon gas, and somewhat higher quan- 


tities of recoverable by-products are 
Because of the lower hydro- 
carbon gas production, the hydrogen gas 


consumption is only 12,000 cu.ft 


obtained. 


using 
only the “reaction hydrogen” which is 
comparable to the value obtained in our 
pilot-plant data. 


14, WO cus 
10 


oil product. 


It would appear that for a fuel-oil 
operation, while the total plant invest- 
ment costs may not be considerably de- 
creased for the low-pressure plant be- 
cause of larger hydrogen-production fa- 
cilities needed, the ability to use standard 
Series 150 piping materials for much 
of the plant and welded rather than 
forged vessels should make this type of 
plant more easily available in national 
emergencies or in localities where fuel 
oil is obtained only through import. 
Such areas as Australia, South Africa, 
and Alaska, for example, could use this 
process to produce oil for refueling 
naval and merchant shipping without 
dependence on tanker shipments 


Acknowledgment 


The authors wish to acknowledge the 
assistance of the many people involved 
in the performance of the experimental 
work, calculation of the data, analyses 
of the products, and illustrating this 
paper: particularly the assistance of 
A. Pipilen, J. Nanz, W. R. Wilson and 
the operating and maintenance men un- 
der their supervision who made possible 
the assembly and operation of the plant; 
W. Rosinski for his supervision of the 
proximate and ultimate analyses; R. A. 
Friedel and his staff for the mass spec- 
trographic analyses; M. Corrado and 
S. Wekselman for their assistance in 
calculation of the data, and J. Vidosh 
and E. Ralston for preparation of the 
figures. 


Chemicecl Engineering Progress 


Literature Cited 


‘ 

Broche, H., Brenn. Chem., 7, 
(1926). 

Cawley, 
(1948). 

Elliott, M. A., Kandiner, H. J., Kallen- 
berger, R. H., Hiteshue, R. W., and 
Storch, H. H., /nd. Eng. Chem., 42, 
83 (1950). 

Fischer, C. H., Sprunk, G. C., Eisner, 
A., O'Donnell, H. J., Clark, L., and 
Storch, H. H. U. S. Bur. Mines, 
Tech. Paper, 642 (1942). 

Hirst, L. L., Skinner, L. 
=. A., Dougherty, 

Levene, H. D., U. S. 
Repts. Invest., 4413 (1948). 

Kandiner, H. J., Hiteshue, R. W., and 
Clark, E. L., Chem. Eng. Progress, 
Pt. I, 47, No. 8, 392 (1951). 

Pelipetz, M. G., Kuhn, E. M., Fried- 
man, S., and Storch, H. H., U. S. 
Bur. Mines Repts. Invest., 4546 
(1949). 

Pott, A., Broche, H., Schmitz, H., and 
Scheer, W., Giuckauf, 69, 903 
(1933). 

Storch, H. H., Hirst, L. L., Boyer, 
R. L., Field, J. H., and Kaplan, E. 
H., U. S. Bur. Mines, “Confidential 
Report No. 1 on Heavy Fuel Oil,” 
(Oct. 16, 1943). 

Storch, H. H., Hirst, L. L., Fischer, 
C. H., and Sprunk, G. C., U. S. 
Bur. Mines Tech. Paper, 622 (1941). 

Weller, S., Clark, E. L., 
M. G., /nd. Ena 
(1950). 

Weller, S., and Pelipetz, M. G., Jnd. 
Eng. Chem., 43, 1243 (1951). 

Weller, S., Pelipetz, M. G., Friedman, 
S., and Storch, H. H., Ind. Eng. 
Chem., 42. 330 (1950). 


140 


C. M.. Research, 1, 553 


and Pelipetz, 
Chem., 42, 334 


Discussion 


Norris Shreve (Purdue University, 
Lafayette, Ind.) : Did you recover, eco- 
nomically, any of your catalysts? 


E. L. Clark: We have been looking 
at that particularly from the point of 
view of molybdenum recoveries, and we 
don’t think the recovery will materially 
decrease the catalyst cost. We may ob- 
tain a more highly enriched molybdenum 
ore by ashing the residues from the 
coal hydrogenation process. The normal 
methods of recovering molybdenum 
from its ore would still have to be uti- 
lized. Right now, the catalyst costs are 
high, since we are using a half per cent 
of molybdenum. We have been doing 
some work on reducing this amount of 
molybdenum and recent batch autoclave 
tests have indicated that we can get 
down to about 0.1% molybdenum, which 
should make the catalyst cost about 30 
cents/bbl. of oil. This is based on pro- 
ducing 3-4 bbl. of oil/ton of coal. 

(Presented at Forty-third Annual 
Meeting, Columbus, Ohio.) 
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FREEZE DRYING WITH RADIANT ENERGY 


W. H. ZAMZOW t, and W. R. MARSHALL, JR. 


University of Wisconsin, Madison, Wisconsin 


A preliminary experimental study was made of freeze drying with 


radiant energy according to the teaching of the Levinson-Oppenheimer 
patent. Frozen material retained on a supporting medium transparent 
to infrared radiation was dried with radiant energy emitted from elec- 
trically heated wires. Drying time curves were obtained for various 
conditions of cake thickness, initial moisture content, and energy concen- 


tration. 


1% the drying of certain heat-sensitive 
materials, special low-temperature 
drying techniques are required often to 
preserve the quality and value of the 
product. It has been found possible to 
dry and maintain the potency of biv- 
logicals, the solubility of pharmaceu- 
ticals, and the flavor and aroma of foods 
and extracts by a method which has be- 
come designated as freeze drying. By 
this process, a material is dried in vacuo 
in the frozen state by subliming the 
water as ice rather than evaporating it 
as a liquid. 

The drying of heat-sensitive maicr’<! 
from the frozen state is a long-estab- 
lished art. However, widespread indus- 
trial application of this drying method 
occurred only during and since World 
War II. 

In freeze drying, as it has been prac- 
ticed in commercial operations, the heat 
of sublimation is conducted to the frozen 
material through a solid-retaining me- 
dium heated by circulating liquids or 
gases. Levinson and Oppenheimer (11) 
discovered, however, that marked ad- 
vantages could be obtained if the heat 
for sublimation were transferred, in 
part, by radiation rather than by conduc- 
tion alone. They found that due to the 
penetrating effect of radiant energy in 
suitable wave bands it was possible by 
the proper selection of a transparent 
supporting medium, both to increase the 
drying rate and decrease the possibility 
of melting the frozen material in con- 
tact with the supporting medium. 

Since this work constituted the ini- 
tial stages of an extensive study of 
freeze drying, the findings reported in 
this paper are to be regarded as pre- 
liminary in nature. One objective of 


+ Present address: Proctor and Schwartz, 
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the initial work was to describe the 
mechanism of freeze drying more clearly 
than has been done heretofore. It should 
be emphasized that this study was made 
neither to improve product quality of 
specific substances nor to study the 
drying of biological materials. Rather, 
was the objective to study freeze drying 
in the more usual chemical engineering 
manner by establishing drying time 
curves under various conditions of 
operation. 


Previous Investigations 


Relatively little work has been reported 
on freeze drying with radiant energy. Lev- 
inson and Oppenheimer (10) described the 
first significant study on the drying of 
blood plasma by radiant freeze drying. 
They reported that it was possible to re- 
duce the usual drying time of 48 to 96 hrs. 
by conduction to 24 hrs. by the use of radi- 
ant energy in conjunction with suitably 
selected transparent supporting media. 

In drying blood plasma, Levinson and 
Oppenheimer used glass bottles. To deter- 
mine a source temperature which would 
cause a high percentage of the radiant en- 
ergy to be transmitted by the glass, they 
made tests with electrically heated wires 
at temperatures from 100 to 1,000° C., at 
100° C. intervals. At wire temperatures of 
100, 200, anc 300° C., melting had occurred 
in the plasma adjacent to the glass and 
there was residual moisture. At 800, 900, 
and 1,000° C., the material in contact with 
the glass was burned while the inner sur- 
face remained frozen. When the wire tem- 
peratures were 400, 500, 600, or 700° C. 
the samples were uniformly dry. It was 
claimed that this experiment demonstrated 
the importance of selecting radiant energy 
in the proper wave-length range. Penetra- 
tion of radiant energy was detected also by 
means of a vacuum thermopile located on 
the side of the sample away from the 
source of radiation. 

Reavell (14) showed the advantages of 
penetration in depth with radiant energy 
in applications to distillation and evapora- 
tion. Wilhelm and Smith (19) reported 
experimental evidence of penetration of 
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radiant energy in the infrared drying of 
textiles. On the other hand, Flosdorf (5) 
stated without further discussion that radia 
tion does not readily penetrate ice or the 
dry layer of the product so that no great 
gain in efficiency could be expected trom 
the use of radiant energy. 

Stout, et al (18) reported that the pene- 
tration of radiant energy did not exceed 
4g in. in the drying of sand and soap at 
atmospheric pressure. However, they re 
ported substantially higher drying rates 
over other drying methods and attributed 
this to the fact that there was no gas- or 
liquid-film resistance to the flow of heat as 
in ‘convection, and no direct contact re- 
quired as in conduction 

These conflicting conclusions may be due 
in part, to the fact that materials of dif 
ferent absorption characteristics were dried 
and the temperatures and accordingly the 
wave bands of the radiant sources were 
quite different 

Patents by Elser (4) and Barr (2) de 
scribe the advantages to be gained by dry- 
ing in the frozen state. A patent by Reiche 
(15) describes freeze drying with heat 
transfer by conduction. 

Hormel (9) proposed the use of visible 
radiant energy to dry frozen solids, and 
advocated keeping the frozen particles agi 
tated so that as drying proceeds the dried 
material is removed from the particles by 
attrition, thus exposing a continually fresh 
surface for sublimation. 

Flosdorf (7) proposed letting the heat 
generated by the adsorption of water vapor 
on solid desiccants radiate to the frozen 
material and sublime the ice. Such a pro 
cedure is inflexible, and the radiant energy 
is restricted to a low-temperature level. 

Schroeder, Schwarz, Penn and Cotton 
(16,17) outlined the advantages of low 
temperature vacuum drying with conduc 
tion heating. Much of their work was done 
with the material in the liquid state, how- 
ever, and it was claimed that not only 
were the drying rates for the liquid state 
greater than for the frozen, but also in 
addition the quality of the materials studied 
was not significagtly impaired 

Ede (3a) reported a fundamental study 
of freeze drying by conduction, and con 
sidered the problem of vapor flow to the 
condenser, 

In a recent book, Flosdorf (6) has de 
scribed current commercial practices in 
conduction freeze drying. 


Fundamentals of Freeze Drying 


1. Distinction Between Freeze Dry- 
ing and Conventional Drying. In the 
drying of a wet solid that is not frozen, 
the water is removed by evaporation 
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trom a liquid surface. As the drying 
progresses, the material may shrink and 
hard, impervious agglomerates. 
Likewise, there is generally a movement 


ot hquid water within the 


torn 


solid during 
drying 

In the case of freeze drying, water in 
the sublima- 
tion, which is direct vaporization of ice 


form of ice is removed by 
to water vapor without passage through 
the liquid state. Since the material is 
not fluid at these low temperatures, the 
dry solid tends to original 
the same 
when wet. 


retain its 

hape 
volume 
Further, 
obile 


and generally occupies 
it did 
is relatively im- 
is usually accom- 
a retreating ice layer into the 
away trom the 


when dry as 
since the ice 
freeze drying 
panied by 


solid, 


Irtace. 


and exposed 

In the drying of wet solids that are 
not trozen, the rate of drying is often 
constant during the initial part of the 
In this case the water is 
transported to the surface as rapidly as 
evaporation can remove it, and the 
gof drying is controlled by the 
vapor diffusion through a gas 
Bjacent to the solid. 
Ecritical moisture 


drying cycle. 


rate 
rate ot 
film ad- 
However, at 
content, the water can 
to the surface as fast 
At this moisture con- 
evaporation begins to 
into the and the rate of 
evaporation starts to decrease. This 
phase usually is termed the first falling- 
rate pe drying. A second fall- 
ing-rate period occurs when moisture 
held by the solid at reduced vapor pres- 
sure begins to evaporate. 


some 


no longer flow 
it is removed. 
Ment, the zone of 


ecede solid, 


riod of 


In the drying of frozen materials the 
ice at the surface exposed to the vacuum 
sublimes first. Since the ice is not free 
to move, the zone of sublimation or dry- 
ing immediately starts to recede. How- 
the solid usually retains its 
original structure or shape there is a 
large percentage of voids through which 
vapor can diffuse. Thus, the drying rate 
remains substantially constant until near 
the end of the drying cycle when bound 
moisture is sublimed 
drying, this terminal 
period is of considerable 


ever, since 


However, even in 


treeze drying 
significance 
and usually represents a controlling fac 
tor in determining the 


over-an drying 


time 
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Fig. 2. 
Interface conditions in freeze drying. 


2. Characteristics of 


Freese Drying. In conduction freeze 
drying, water or some other heating 
medium is circulated in contact with the 
container holding the frozen material. 
The container is thus heated by conduc- 
tion and in turn conducts heat to the 
frozen material in contact with it. Heat 
then flows through the sample to the 
surface where sublimation 
is occurring. Since the thermal conduc- 
tivity of ice and most organic materials 
the rate of heat transfer will be 
if the frozen material at the inter- 
must be maintained frozen. 

Referring to Figure 1 showing the 
temperature gradients in conduction 
freeze drying, the following heat-trans- 
fer equation for plane suriaces may be 
written in terms of the various thermal 
resistances involved: 


Conduction 


exposed ice 


is low, 
low 


lace 


heat flux, B.t.u./(hr.) (sq.ft.) 
= temperature of heating medium 
= temperature of surface of sub- 
limation 
= film heat-transfer coefficient of 
heating medium, B.t.u./(hr.) 
(sq. ft.) (°F) 
thickness of retaining medium, 
ft. 
= thermal conductivity of the re- 
taining medium, B.t.u./(hr.) 
(sq. ft.) (° F./ft.) 
thermal resistance at interface 
between frozen solid and re- 
taining medium 
thickness of ice layer in solid 
thermal conductivity of solid- 
ice mixture 


From Equation (1) it is evident that 
the heat transfer and hence 
the rate of sublimation is dependent on 
tour thermal resistances. Of these, 
1/h, and B/k,, are usually quite small 
compared with RK; and +/k,, and these 
may be considered to be controlling. 
rhe rate of conduction freeze drying, 
therefore may be said to be controlled 
by the following (1) How well 
the heated 


rate ol 


factors : 


the frozen solid adheres to 
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retaining medium; i.e., how small #, 
can be made, (2) by the thickness of 
the frozen solid, and (3) by the thermal 
conductivity of the ice-solid mixture. 
This assumes there is resistance to 
mass transfer or the flow of 
through the dry solid. In 
transfer may be a 


no 
vapor 
some cases, 
mass controlling 
factor. 

The thermal resistance at the inter- 
between the frozen solid and the 
retaining medium is a major factor in 
determining the rate of heat input and 
hence the rate of freeze drying. If the 
resistance high, the heat input must 
he kept low in order to avoid ove rheating 
the material with 
the retaining may be 
pictured by following 
analysis : 

Let Figure 2 represent the actual case 
of a frozen solid in contact with a heated 
surtace. The representation shown indi- 
cates that intimate and uniform con- 
tact with the heated surface may not be 
achieved. This is often the case in 
practice, such as when a material is 
sprayed and frozen onto a belt in a 
vacuum. As a result, heat is trans- 
ferred along two paths in parallel, 
namely, (1) by solid conduction at the 
points of contact, and (2) by vapor 
conduction and low temperature radia- 
tion where contact does not occur. The 
resistance along the latter path is much 
higher than along the first. The total 
heat transferred per unit time then be- 
comes equal to the sum of the heat flow 
for both paths, or 


face 


contact 
This 
the 


which is in 
medium. 
means of 


? 


q= Qs 


The heat conducted through the areas 
of contact, g,;, may be written 


dx}; 


PLANCK'S Law 


(3) 


a 
Fig. 4. Typical curves based on Equation (11). 
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where 


k, = thermal conductivity of the 
ice-solid mixture at the 
interface 

A, = area in contact with heated 
surface 

(dt/dx), = temperature gradient in 


the ice at the interface, 
and dx is measured in 
the negative direction 


An expression for q. may be written as 


4 
) 
R, ‘ 
where 
At = average temperature drop across 
the vapor space where no con- 
tact occurs 
A, = area of the heated surface not in 
contact with the frozen solid 
R, = thermal resistance of the vapor 


space 


Combining Equations (3), (4), and 
(2), the total heat transferred becomes 


The thermal resistance R, may be writ- 
ten as Ar/k,, where k, is considered as 
the effective therma! conductivity of 
the vapor space, and Ax is the thickness 
of this space. The effective conductivity 
is intended to include any low-tempera- 


ture radiation which may occur. Then 
Equation (5) becomes 
dt At 
q= k,Ay + k, Ae ( 
(6) 


where (dt/dr); and (At/Ar) do not 
have the same value. 

In general k, << k,, since the ther- 
mal conductivity of a gas is quite small 
compared with that of the solid. This 
means that the second term will con- 
tribute much less to the total heat flow 
than the first term for equal values of 
A, and Ay. The important variables to 
consider now are A, and Ay. For good 
contact, A, will be large and Ay will 
be small, while, conversely, when con- 
tact is poor, A, will be large and 4, 
will be small. If it is required that the 
interface temperature cannot exceed 
some maximum value then it is apparent 
that q must decrease as 4» increases, 
i.e., the rate of freeze drying must be 
decreased. This is evident from the 
equation for ¢,, the temperature at the 
interface, 


tt=t- (7) 
k,,A/B 
where 
t; = temperature on the “hot side” of 
the heated surface 
k,, = thermal conductivity of the re- 


taining medium 


Substituting Equation (6) in (7) gives 


k,/B k,/B 


(8) 
A and f. = A; 


where f; = A, 2/A, and 
fy+fe =. 

Since f, and f, are linearly dependent 
on each other, an increase in f, will tend 
to decrease the total value of the quan- 
tity in brackets and hence increase /, 
Increasing f. means increasing the 
amount of poor contact. Thus, in order 
to keep t, below some specified tempera- 
ture, f; must be lowered, thereby lower- 
ing the keat flux and the rate of drying. 

The above considerations may be il- 
lustrated graphically, with reference to 
Figure 3. For good contact or a value 
of f, nearly one, the temperature drop 
through the heated retaining medium 
is If fy decreases or fg in- 
creases, then ¢, rises to ¢,’. This means 
that the portion of the frozen solid in 
contact with heated surface is raised, 
and may exceed the permissible maxi- 
mum temperature with melting at the 
interface as a result. The principal tem- 
perature drop at the interface now oc- 
curs across the space where poor contact 
occurs, and this is shown by (4; — ¢,). 
In order to meet this condition, t; must 
be lowered to ¢t,’ with a net decrease in 
the over-all rate process, since (1,’—t,) / 
B< (t,—1,)/B. 

The adverse effect of poor contact 
on the drying rate may be substantially 
offset if the retaining medium is made 
material transparent to radiant 
energy, and if radiant energy of the 
proper wave length is used as the source 
of heat. In this case, heat will continue 
to flow to the frozen solid even though 
poor contact occurs, since radiation does 
not depend on a solid medium for trans- 
mission, and another term, gs, will be 
included in Equation (2) to account 
for radiation. If g, and qs, are consid- 
ered large compared with g,», the follow- 


of a 


ing expression can be written for q 
when radiant heat transfer is used: 
dt 
dx }; 


where / is the intensity of radiation, 
B.t.u./(hr.) (sq.ft.) falling on the 
entire area A of the frozen solid. Thus, 
even though A, should go to zero, the 
term A/ would remain effective so that 
the decrease in gq would not be nearly 
so serious as in straight conduction dry- 


ing expressed by Equation (6). Fur- 
ther, if the radiant energy penetrates 
the frozen material, even a_ small 


amount, this penetration in depth will 
produce a marked increase in drying 
rate. 
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3. Characteristics of Radiant Freese 
Drying. Any body at an elevated tem- 
perature may be a solirce of radiant 
energy. The quantity of energy emitted 
by a black body is proportional to the 
fourth power of the absolute tempera- 


ture as stated by the Stefan-Boltzmann 


law 
li’, = oT* (10) 
where 
Ii’, = total radiant energy emitted by 


a black body, 
area 
T = absolute temperature 


o = constant 


energy /unit 


Planck's law gives the familiar rela- 
tionship between the temperature of a 


black body and the intensity of the 
radiant energy emitted at each wave 
length, thus: 
=- (11) 
| 


where Wy, = intensity ef radiation at 
wave length A. Figure 4 shows typical 
curves based on Equation (11), and 
they indicate that raising the tempera 
ture of a black body waises the peak 
intensity shifts the total energy 
emitted toward shorter wave lengths 
The product of the temperature and 
wave length at maximum intensity is a 
constant according to Wien’s Law: 


hal =K (12) 


and 


Of greater interest is the per cent of 
the total energy that is emitted up to 
any given wave length. This may be 
calculated by integrating Planck's, law 
from 0 to a given wave length, A, and 
dividing the result by the total energy 
obtained by integration of Equation 
(11) from 0 to o. The values of the 
per cent of total energy between 0 and 
any wave length A have been reported 
and tabulated by Lowan and Blanch 
(12). Figure 5 shows curves of their 
data for temperatures ranging from 200 
to 2000° C, 

When radiant heat is used in freeze 
drying it may be directed toward either 
the bottom or the top surface of the 
frozen solid. However, if the radiant 
energy is received at the exposed or 
drying surface, dry material will be 
exposed directly to the radiant energy 
for virtually the entire drying cycle and 
consequently may become overheated 
and degraded. On the other hand, if the 
radiant energy is applied through a 
transparent retaining medium, the solid 
in contact with the medium remains 
frozen while energy penetrates the 
frozen solid in depth, and sublimation 
occurs from the opposite or exposed 
surface. Beer's law gives the amount 
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100. — of radiant energy absorbed at any depth 
in a medium through which radiation 
penetrates. It may be expressed by 


I= 1,1 —e-@) (13) 


where 


a = the absorption or extinction coef- 
ficient 

distance of penetration into the 
medium 

I, = the intensity at x = 0 

I = energy absorbed up to x 


It 


g 


Values of a are usually specified for a 
single wave length. In practice, how- 
ever, essentially all wave lengths will 
be involved and hence a will vary with 
the depth of penetration. 

If the container is completely trans- 
parent to the radiant energy the tem- 
perature gradients may approximate 
those shown in Figure 6. Since the con- 
PERCENT OF TOTAL ENERGY tainer does not absorb energy it will be 
4 RADIATED BETWEEN © AND cooler than the material and heat will 
> FROM A BLACK BODY aT actually be conducted from the frozen 
solid to the container. 

However, any material with 100 per 
cent transmission in the infrared region 
d, MICRONS is not usually suited to commercial use 


8 


PERCENT OF TOTAL ENERGY BETWEEN O AND ) 


8 


7 (sodium chloride is such a material) so 
there will be some absorption and heat- 
ing of the container. The probable tem- 
perature distribution in this case is 
shown in Figure 7. The gradient is not 
Froen Materia! as steep as for conduction drying, yet 
: —<———— a greater quantity of heat can be trans- 
4 ferred because energy is being absorbed 
| in depth. 
ZY : 7 ee Glass was used as a retaining medium 
in early studies with radiant energy 
, | (10). However, it absorbs very strongly 
at 2.54 and completely above 3.54. Cer- 
tain plastics have better transmission 
gradient in frozen grodient in frozen properties than glass in the infrared 
material for radiant material for radiant region. Radiant energy transmission 
heating with 100 per heating with semi- curves for glass, Kel-F,* Teflon,t and 
polythene + are shown in Figures 8a 
and &b. Curve 8a was furnished by the 
Corning Glass Works, and the curves 
in 8b by R. F. Colton (3). The three 
polymerized-ethylene-type plastics show 
obvious superior transmission character- 
istics over glass in the 2- to 7-~ range. 
By means of these curves it is possible 
to select the proper radiant source tem- 
perature to obtain a maximum amount 
of energy transmission. 

In order to present a more significant 
picture of the transmission characteris- 
tics, the curve for energy distribution 
from a black body at 1200° C. was com- 
pared with the curves for the per cent 
transmission of radiant energy by glass, 
water, polythene, and Kel-F as shown 
in Figures 9-12. These curves aid in 


INCIDENT ENERGY, % 
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TRANSMISSION OF 


14 16-20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 made by M. W. Kellogg Co. 


WAVE LENGTH —MICRONS Tetrafluorethylene resin made by Du 
Pont Co. 
Fig. 8a. Rodiant energy tr ission ch istics of alkali resistant gloss. t Polymerized ethylene. 
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visualizing the percentage energy ab- 
sorbed by these materials at those wave- 
lengths where high absorptivity occurs. 

The ability of materials to absorb 
radiant energy of a given wave length 
more strongly than other wave lengths is 
a familiar phenomenon and the basis for 
infrared spectroscopy as an analytical 
tool. Barnes et al (1) have compiled 
363 curves showing the per cent trans- 
mission as a function of wave length 
from 5 to 12. A recent paper by 
Colthup (2a) reports a study of the 
absorption properties of a number of 
materials. 

The effect of the source temperature, 
i.e., the effect of wave-length distribu- 
tion, on the absorptivity of radiant en- 
ergy by water was reported by Manders y : 
(13) and his reproduced in Gb. Radiont energy wenemicsion of Teflon, 
Figure 13. This figure shows that as 
the source temperature decreases, i.e., 


TRANSMISSION OF INCIDENT ENERGY, % 


WAVE LENGTH - MICRONS 


: . DISTRIBUTION OF RADIANT DISTRIBUTION OF RADIANT 
the per cent of energy in the long ENERGY TRANSMITTED BY ENERGY TRANSMITTED BY 
wave lengths increases, the per cent of . GLASS COMPARED WITH WATER COMPARED WITH 


total energy absorbed is increased. This eS ee 
implies the importance of selecting the 
source temperature compatible with the 
transmission properties of the retaining 
medium and the absorption properties 
of the frozen solid. 


Block body, 1200 T 
*~ Woter, 
Gloss, O236 nn 


4. Mechanism of Radiant Freeze Dry- 
ing. One method of visualizing the 
process of radiant freeze drying is to 
develop a picture of the temperature 
gradients occurring in a material during 
radiant freeze drying. To do this, a 
heat balance may be written over a small 
element of frozen solid, assuming a 
quasistationary process, i.e., the rate of 
retreat of the zone of sublimation is ‘ / 
slow. Thus, with reference to Figure 4 6 
14, the following steady-state heat bal- LENGTH - MICRONS . 
ance over the thickness dx may be 
written 


DISTRIBUTION OF ENERGY IN PERCENT OF MAXIMUM 


Fig. 10. 


d*t 


(14) DISTRIBUTION OF RADIANT 
dx? ENERGY ENERGY TRANSMITTED BY 
KEL-F PLASTIC 

WITH BLACK BODY 


TRIBUTION 


where /, is the energy of radiation in- 
cident on the frozen solid at x = 0. The 
boundary conditions for Equation (14) 
are: 


Block body at 200°C —o—Block body, 1200 °C 
—+— Polyethylene, 0.002 in 0003 in 
thick 4 thick 


1. At = 0, ¢ = where = the inter- 
face temperature. 


IN PERCENT OF MAXIMUM 


At s=-2,,t=t, and —k, 


I, (l—e @). 


Equation (14) can be integrated di- 
rectly, twice, and after integration and 
substitution of the above boundary 
conditions, the following equation may 
be written to express the temperature at 
any position in the frozen solid: 


DISTRIBUTION OF ENERGY 


t= t——~ (e-* + ar—1) 2 2 4 


ka LENGTH - MICRONS, ~ WAVE LENGTH - MICRONS, 


(15) Fig. 11. Fig. 12. 
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% OF ENERGY TRANSMITTED 


mm. OF WATER 


Fig. 13. Absorption of radiant energy by 
water (13). 


Equation (15) reduces to the case of 
pure conduction for a o, i.e., when 
the radiant energy is completely ab- 
sorbed on the suriace of the material. 
When a = 0, radiant energy is trans- 
mitted without absorption. In this case 


Equation (15) reduces to t = 


Curves of (4;—1t) vs. x based on 
Equation (15) have been plotted in 
Figure 15 for the arbitrary condition 
of I, = 500 w./sq.it., k, = 1.0 B.t.u./ 
(hr.) (° F.) Cit.) with as a parameter. 
These curves show that when radiant 
nergy is transmitted and absorbed the 
temperature gradients in the material 
ure less steep than in the case of pure 


Fig. 


conduction. Thus, an over-all tempera- 
ture drop of 8° F. is attained in a dis- 
tance of only 0.055 in. for conduction, 
while with radiation and an average 
a of 100, a drop of 8° F. occurs over 
a distance of about 0.14 in. It should 
be noted that the values of a should be 
considered as average values, since a is 
presumably a function of depth due to 
the fact energy of all wave lengths is 
involved. As an example, values of a 
for ice for various wave-length ranges 
are tabulated as shown in Table A (8): 
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TABLE A.—\ ARIATION OF a FOR ICE 
WITH WAVE LENGTH 


Wave Length 
a, 1/ft 


0 
10,000 


a as used in the equations should prob- 
ably be averaged according to the per- 
centage of total energy occurring in the 
various wave bands. Fox and Martin 
(8) have reported the infrared absorp- 
tion spectra for ice and water. 

In the most general case of freeze 
drying, the drying rate will be a func- 
tion of both heat and mass transfer. 
Thus, a rigorous | -eatment of the dry- 
ing mechanism mu:* include equations 
to account for the rate of mass or vapor 
transfer through the porous solid, as 
well as heat-transfer equations to ac- 
count for the rate of heat flow to the 
plane of sublimation.” As in other proc- 
esses, however, special cases may be 
encountered such as heat-transfer con- 
trolling or mass-transfer controlling 
wherein simplified treatments are pos- 
sible. Thus, one simple treatment for 
heat-transfer controlling would be to 
assume that all the heat being conducted 
into the plane of evaporation is used for 
sublimation, corresponding to boundary 
condition 2, above. In this case the rate 
of retreat of the plane of sublimation 
may be written as 


dx, 


-= — 
) 


(16) 


—W ph, 


where H’, = concentration of ice in un- 
dried zone, Ib./lb. of dry solid, and 
p = bulk density of dry solid, Ib. In the 
case of a perfectly transparent retaining 
medium, Equation (16) may be inte- 
grated to give 

—] 


As Wop 


(17) 
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1 
log [1 + — 1) 


(18) 


When el. is small, Equation (17) sim- 
plifies to 


W, 


leat 


(19) 


It should be recognized that Equations 
(17) to (19) represent an extreme 
simplification of the freeze-drying 
process and will hold only when the 
material being dried js quite porous and 
the rate of mass transfer through the 
material is high. 


Experimental Equipment and 
Procedure 


1. Description of Equipment and Meth- 
ods of Measurement. The experimental 
equipment used to obtain drying rates is 
shown in Figure 16. The vacuum drying 
chamber was a 6-in. Pyrex glass cylinder 
resting on a stainless steel base. A brass 
condenser for condensing water vapor as 
ice closed the cylinder at the top. A brass 
coil running through the condenser con- 
nected the chamber to a % hp. Cenco 
Hyvac pump. The condenser was cooled 
by means of a dry ice-acetone mixture, 
and the water vapor liberated in the sys- 
tem condensed as ice or snow on the brass 
surface above the sample. 

In tests with radiation, the sample sup- 
port consisted of a nickel-plated copper 
wire screen laminated with Kel-F plastic 
sheets. The copper wires were 0.01 in. 
in diameter and occupied about 42% of the 
cross-sectional area. In runs 1 to 12, rock 
salt was used as a filler in the screen with 
a coating of polythene over a copper screen. 
For the conduction tests, the sample sup- 
port was a copper plate, Me in. thick, 
painted black on the underside. A No. 24 
copper-constantan thermocouple was sol- 
dered in the center of the plate to measure 
its temperature. No. 30 copper-constantan 
thermocouples were used te measure the 
sample temperature 

The screen and frozen sample were sus- 
pended from a calibrated phosphor bronze 
spring mounted in the vacuum chamber. A 
traveling microscope mounted outside the 
chamber on an accurate micrometer scale 
was used to measure the deflection of the 
spring as drying progressed, and thus mois- 
ture content vs. time data was obtained. 

The radiant heater consisted four 
circuits of 0.010-in. Nichrome wires. Each 
circuit was 12 in. long. A 1% rev./min. syn- 
chronous motor operated four cams which 
cycled the heating circuits to prevent con- 
centration of energy and to simulate the 
movement of a continuous belt. No direct 
measurement of the wire temperatures was 
made. However, approximations of wire 
temperatures were estimated from the 
power input. Since the power input was 
low, direct current was used in order to 
measure the power accurately by means of 
a 1.0 amp. d.c. ammeter, and a 0-30-v. dc 
voltmeter. Different wire temperatures at 
a constant power input were obtained by 
using wires of different diameter. 

A pirani gage was used to measure the 
pressure at the sample level and a modified 


ol 
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Fig. 16. Diagram of experimental radiant freeze 
dryer. 


McLeod gaee measured the pressure at 


the condenser exit. 


2. Experimental Procedure. The sample 
to be dried was frozen rapidly in a dry-ice 
freezer on the screen or plate used for 
support. After the sample was frozen and 
cooled to about —70° C. it was placed in 
the vacuum chamber and the pump started. 

When the pressure became less than 
500 mw, the heater was turned on. The pres- 
sure, power and spring reading were re- 


corded every five minutes. Thermocouples 
in the sample were read at time intervals 
ranging from 15 sec. to 5 min. depending 
on how rapidly the sample temperature was 
changing. 

The final moisture content was deter- 

mined by heating the sample in an oven at 
110° C. until it reached constant weight. 
_ In runs 18, 23, 24, 25, and 27, the power 
mput was constant throughout the entire 
run. The heat input for the rest of the 
runs was the maximum possible without 
causing melting at the interface or blowing 
the product off the tray or overheating the 
product when dry. For this reason, varia- 
tions in energy input are indicated in these 
runs. 

The test materials used in all runs were 
commercial organic dyes. 


3. Accuracy of Measurements. The 
spring and cathetometer were calibrated 
under the conditions that existed during 
the drying runs. In a calibration in air, 
the thermocouples fastened to the sampk 
were found to have a constant effect on 
the spring elongations. The weight meas- 
urements were believed to be accurate to 
about 5%. 

The thermocouples were checked at the 
solid carbon dioxide sublimation point. 


4. Radiation Absorption Measurements 
The radiant-energy transmission ability of 
the Kel-F-nickel-plated copper screen sup- 
port was observed qualitatively. A thermo 
couple was mounted on a piece of aluminum 
foil about % in. in diameter. This target 
was placed approximately one inch from 
the heating elements. Temperatures were 
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recorded every 15 sec. after the power was 
turned on. Measurements were then taken 
with the Kel-F-nickel-plated copper screen 
and the copper plate between the heater and 
target. 


Discussion of Results 


1. Comparison of Conduction and 
Radiation. The capacity figures in 
lable 1 compare the rates of radiation 
nd conduction freeze drying. The aver- 
ge capacity for radiant drying was 
Ib./(hr.) (sq.ft.), while for con- 
uction heating the capacity was 0.077 
b./(hr.) (sq.ft.). Figure 17 is a plot of 
he data for runs 45 and 47 to compare 
adiant freeze drying with conduction 
reeze drying. It is evident from this 
omparison that it took about twice as 
mg to dry to 4% moisture by conduc- 
jon freeze drying than by radiant freeze 
rying. These curves also show that in 
onduction freeze drying the drying rate 
falls off more rapidly near the end of 
the process than in radiant freeze dry- 
ing. This is due to the benefit of energy 
penetration into the sample. It is also 
to be noted that in both methods a con- 
stant drying period occurs. For radiant 


TABLE 1.-—-DRYING CAPACITY 


Water cont. 
(wet basis) 


Initial 


* Conduction runs. 
Norr: The approximate freezing 


drying, run 45, the constant rate lasted 
until about 839% of the ice had been 
sublimed, while for conduction drying 
it lasted only until about 60% of the ice 
was sublimed. Thus, with radiant en- 
ergy the terminal drying period is not 
as large a fraction of the total cycle 
as in conduction drying. The constant 
rate also represents the maximum rate 
of ice sublimation and hence its magni- 
tude is of importance in the design of 
the vapor condensers for freeze dryers. 
Thus, the maximum rate of sublimation 
in run 45 was 3.06 lb. water/(Ib. dry 
solid) (hr.) and this rate would have to 
be handled by refrigerated vapor con- 
densers or other vapor-removal systems. 
With rates of sublimation of this mag- 
nitude, it is probable that the simplify- 
ing assumption (5a), namely, that the 
resistance to heat flow is unaffected 
by thickness of the ice on the re- 
frigerated condenser, invalid, and 
that design data on heat-transfer coeffi- 
cients and thermal conductivities of ice 
on refrigerated condensers must be de- 
termined for the proper design of these 
units. At low rates of sublimation, the 


is 


ice layer on refrigerated condensers may 
cease to be a controlling factor, but this 
is a limiting or equilibrium condition 
and cannot be generalized for all rates 
of condensation. 

For efficient drying by conduction 
only, as discussed previously, it is neces- 
sary to have good adherence between 
the sample and the heating surface. 
Figure 18 shows the variation with time 
of the temperature of the sample and 
heating surface when good adherence 
exists and also after the material has 
come loose. The data show that after 
the bond between sample and heating 
surface had been broken, it was neces- 
sary to cut the power almost to zero 
to keep the copper plate below 0° C., 
i.e., to prevent melting at the interface. 
Because of the power cut back the tem- 
peratures were lowered with the result 
that the rate of heat transfer was de- 
creased considerably. This is in ac- 
cordance with the earlier discussion 
based on Figure 3. 

Since some of the radiant energy was 
absorbed by the plastic screen, heat was 
supplied by conduction as well as by 
radiation in radiant drying. Thus, to 
make a good comparison between con- 
duction and radiation drying, it was 
necessary to restrict the comparison to 
those runs where a good sample to plate 
bond was maintained during the drying 
cycle.' Even in a radiant freeze-drying 
test, the drying rate fell off when the 
sample broke loose from the screen, thus 
indicating that a good bond with the re- 
taining medium is equally desirable in 
radiant freeze drying. 


2. Effect of Initial Ice Concentration. 
It was believed that, because of the 
high absorptive capacity of ice for 
radiant energy, at higher ice concentra- 
tions higher rates of heat flow could be 
obtained, and hence higher drying rates. 
To test this, two runs were made at two 
substantially different initial moisture 
contents. The drying-time curves and 
data for the runs are shown in Figure 
19. It is apparent that much higher 
drying rates.or rates of sublimation 
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can be obtained with higher initial ice 
concentrations. However, when the re- 
sults were interpreted in terms of drying 
capacity, it was found that no essential 
difference existed. Thus, for the lew 
moisture content the capacity for drying 
to the same final moisture content was 
0.13 Ib. product /(sq.ft.) (hr.) for a dry- 
ing time of 6 hr., while at the higher 
moisture content the capacity was 0.124 
for a drying time of only 2.67 hr. Simi- 
lar results were obtained in other tests on 
the effect of initial ice content. Thus, 
any benefits to be expected from higher 
initial ice concentrations would have to 
be found in product quality and im- 
proved physical properties. For ex- 
ample, a dry product from a high 
moisture content material might have 
improved solubility. However, any 
product advantages would have to offset 
the disadvantages of greater freezing 
capacity requirements, higher evapora- 
tion loads, higher power requirements, 
and larger condenser and refrigeration 
units. 


3. Effect of Sample ‘Thickness. Two 
runs were made to observe the effect 
of thickness on radiant freeze drying. 
The drying-time data for these runs are 
plotted in Figure 20. These preliminary 
results indicated that for a 42% increase 
in loading or approximately a 50% in- 
crease in thickness the drying time was 
increased about 100%. In these particu- 
lar runs, the drying capacity to 4% 
moisture for the light loading was 0.16 
Ib. product/(hr.) (sq.ft.) and 0.113 for 
the heavier loading or about a 30% de- 
crease. Thus, it appears that at the 
solids content used in this study an 
increase in loading may result in a lower 
drying capacity. It is to be noted that 
the vacuum in each test was not con- 
stant. An attempt to establish the effect 
of vacuum below 500u showed that no 
appreciable effect could be detected. 


4. Effect of Energy Concentration 
and Source Temperatures. A series of 
runs was made to study the effect of 
energ; concentration on the drying 
time. Figure 21 shows the curves of 
W/W, vs. time for these tests. As 
would be expected, the lower the energy 
concentration the longer the drying 
time. It should be observed further that 
when the energy concentration was re- 
duced from its initial value to successive 
lower values, as in run 14, the drying 
time curve Hattened out rapidly. This 
may be attributed to two factors: (1) 
reduction in energy, and (2) the change 
in wave-length distribution causing a 
change in per cent energy absorption 
by the sample and its support. 

Figure 22 shows a plot of energy 
concentration vs. drying time to 2% for 
the runs in Figure 21. This relation 
is essentially linear over the range con- 
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sidered, and combines the effect of tinued sublimation of the ice. The 
source temperature with energy concen- thermocouple in the sample dropped 
tration. A more significant relationship much more rapidly with the Kel-F 
would be energy concentration at a screen support than with the copper 
constant source temperature vs. time. plate. This was accepted as evidence 


5. Penetration of Radiant Energy. 
Figure 23 presents the results of two 
qualitative tests made to obtain experi- 
mental evidence of penetration of rad- 
iant energy into the frozen sample. One 
test was made with the Kel-F screen 
support and the other with the copper 
plate as the support, i.e., a conduction 
test. In both tests, after the power was 
shut off the sample was cooled by con- 
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that radiant energy had penetrated to 
the thermocouple. This result also im- 
plied that thermocouples in the samples 
during radiation drying tests might have 
measured a temperature greater than 
the actual sample temperature depending 
on the size of the couple, its absorptivity, 
and its intimacy of contact with the 
material. 

Similar results in the infrared drying 
of textiles have been reported by 
Wilhelm and Smith (79). 


6. Transmission of Energy by Plastu 
Screen. With the radiating source at 
1700° F., and the Kel-F screen in place 
without frozen material, time-tempera 
ture curves were obtained for a black- 
ened aluminum foil target exposed to 
the face of the Kel-F screen on the 
opposite side of the radiant heater. 
These curves are plotted in Figure 24. 
With a vacuum of 50, convection 
effects were negligible so that the target 
received heat only by radiation from the 
wires and by re-radiation from the 
Kel-F screen, and lost energy by radia- 
tion to the condenser at —78° C. located 
about 6 in. above and behind the target. 

When the Kel-F screen was placed 
between the heater and target, the screen 
transmitted most of the energy and re- 
flected or absorbed the rest. As the 
screen absorbed energy, its temperature 
rose and it then reradiated energy to 
the target. However, since the time- 
temperature curves for the target with 
and without the screen interposed show 
similar rate-of-change characteristics, it 
seemed justifiable to conclude that a 
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other paper. 

When a copper plate was placed be- 
tween the target and heater, the plate 
temperature increased rapidly as it ab- 
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sorbed energy. Since the copper was 
opaque to energy of the wave lengths 
studied, any energy which reached the 
target came as reradiated energy from 
the plate. As a result, the target showed 
a rate of heating different from the case 
for the screen, as shown by the lower 
curve in Figure 24. This curve was 
actually an indication of the rate of 
heating of the copper plate, and is a 
typical unsteady-state heating curve, 
with an inflection point near zero time. 


Conclusions 


Freeze drying with radiant energy 
can be more rapid than with conduction 
heating because of the penetration of 
radiation into the sample. Thus, the 
freeze-drying capacity for an organic 
dye was increased by 74% by virtue of 
the penetrating effect of radiant energy. 
This conclusion will not hold, however, 
whenever mass transfer rather than heat 
transfer is the controlling mechanism. 

Drying rates are higher with higher 
percentage moisture contents, but the 
production capacity of dry product is not 
increased. 

The drying rate is greatly influenced 
by the nature of the contact between the 
retaining medium and the frozen solid. 
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Poor contact greatly reduces the drying 
rate in both conduction and radiant 
freeze drying. 

Increasing the sample thickness de- 
creases the drying capacity for materials 
with solid contents of 30%. 

Qualitative tests indicated that radiant 
energy definitely penetrated the frozen 
solid during drying. 
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Notation 


= area of sublimation, sq.ft. 
A, = area in contact with retain- 
ing medium, sq.ft. 


A, = area not in contact with re- 
taining medium, sq.ft. 
B = thickness of medium support- 


ing frozen material, ft. 


C,,C, = constants in Planck’s law, 
Eq. (11) 

f, = fraction of total area of 
frozen material in contact 
with retaining medium 

f. = fraction of total area of 
frozen material not in con- 
tact with retaining medium 

h, = film heat-transfer coefficient 

] = intensity of radiation, en- 
ergy/(unit area) (unit 
time) 

k = thermal conductivity 

K = Wien’s law constant, Equa- 
tion (12) 

L = total thickness of dry solid 

q = rate of heat flow 
R, = resistance to heat flow 
t = temperature, ° F, 
T = absolute temperature 
x = distance into frozen solid 

r, = distance to plane of sublima- 
tion 

W = tb. water/lb. dry solid at any 
time 

WV, = tb. water/Ib. dry solid initially 

W, = total radiant energy emitted 


, by a black body 
Wp, = radiant energy of wave length 
A emitted by a black body 


Greek Lerrers: 


a = absorption coefficient, 
1/length 

A = wave length, « 

A, = latent heat of sublimation, 
B.t.u./Ib. 

= microns 


@=constant in Stefan-Boltz- 
mann law, Equation (10) 
@ = time, hr. 
SUBSCRIPTS: 
i refers to interface conditions 
m refers to retaining medium 
and maximum wave length, 
Equation (12) 
o refers to incident radiation 
s refers to surface of sublima- 
tion or to solid-ice mixture 
v refers to vapor space at inter- 
face 
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Written Discussion 

tarl W. Flosdorf (F. J. Stokes Ma- 
ne Co., Philadelphia 20, Pa.): The 
roduction to this paper properly indi- 
s that freeze drying is directed most- 
at present toward the preservation 
biologicals and other heat-sensitive 
erials. The paper reports on a pre- 
experimental study using or- 

ic dyes as sample material for tests. 

this extent caution must be exercised 
in interpretation of the data for apply- 
ing it to the drying of labile biologicals 
and other heat-sensitive materials. 

It is well known in freeze drying that 
the ice layer recedes gr radually so that 
some is dried much before completion 
of drying the entire mass. Any heat ab- 
sorbed by the first dried portion will not 
be dissipated by loss of heat of sublima- 
tion of moisture so that the temperature 
of the dried part can be raised to above 
a safe point and deterioration will result. 
In fact, this places a limitation on the 
maximum temperature of the heating 
medium which may be used in the so- 
called “conductance method” whereby 
with certain materials a much lower 
temperature of the heating source must 
be used than with others in order to 
prevent so-called “toasting” of the dried 
surface. 

In results I have seen, it has not been 


inary 
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possible to dry certain heat-sensitive ma- 
terials like guinea pig complement and 
Brucella abortus vaccine using the high 
temperature source of radiant energy on 
which Zamzow and Marshall report 
without virtually ¢omplete loss of 
activity. 

It should be pointed out that it is a 
misnomer to think of “conductance heat- 
ing” as being entirely conductance. 
Thermal contact is seldom good enough, 
particularly when carrying out drying 
in a vacuum chamber. Much of the heat 
must be radiated through vacuum space 
even from a hot water source to the ma- 
terial being dried. To this extent there 
is no difference in principle in using 
wave lengths in or near the visible 
range. To establish that such high tem- 
perature radiant energy can produce 
faster drying of heat-sensitive biologi- 
cals without loss of potency it will be 
necessary to collect data using such heat- 
sensitive materials. As a control on 
so-called “conductance heating” data 
must be collected using the maximum 
heating fluid temperature permissible. 

In fact, in the available data I have 
seen where heat-sensitive materials 
have been dried by both types of heat- 
ing, the so-called “conductance method” 
produced equally fast if not faster re- 
sults and with greater ease of control. 
However, this comparison should be 
made the subject of a more extensive 
and well-planned study. 

To accomplish most rapid drying, the 
heat should be carried directly to the 
evaporating surface of the ice only, 
which is where it is being used. Until 
now with either high temperature radi- 
ant energy or with a high temperature 
heating fluid this has not been accom- 
plished and therefore it is necessary to 
guard against overheating of the first 
dried portion of heat-sensitive materials. 
This means to avoid loss of biological 
activity when using either one of these 
two high temperature sources, most care 
ful and delicate control is required, with 
lowering of temperature when ap- 
proaching the terminal portion of the 
drying cycle. Accordingly, the prelimi- 
nary data with organic dyes presented in 
the foregoing paper cannot be applied 
directly to drying heat-sensitive ma- 
terials. 

Discussion 

F. B. Crist (Armour & Co., Chicago, 
Ill.): I notice that you use a colder 
surface temperature on your radiant ele- 
ments. A better absorption by the prod- 
uct is obtained due to change possibly 
in the infrared band. It would seem 
then that while leaving the temperature 
low you could increase your radiant sur- 
face up to a certain optimum point to 
get a maximum radiation into the prod- 
uct. But what is the limiting factor— 
the temperature of the product or when 
you have reached your limit of speed 
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to dry the material? In other words, 
when you increase the radiation on your 
product, what is the limiting factor on 
how fast you can dry it? Is it the tem- 
perature of the product? 

W. H. Zamzow: It’s the tempera- 
ture of the material. If you want to 
keep it frozen you can’t heat it above 
its freezing point—you have to stay a 
certain range below its freezing point. 

F. B. Crist: Assuming then that you 
can draw the moisture away fast enough 
to maintain your low vacuum, that 
would tend to keep the material below 
a certain temperature. Has this process 
been speeded up as much as possible, 
or is there still a possibility of having 
more efficiency for adding energy and 
getting faster drying? 

W. H. Zamzow: Well, there is prob- 
ably some room for that. One is always 
limited on the maximum temperature 
he can get for source of radiant energy. 

D. E. Severson (University of N. 
Dakota, Grand Forks, N.D.): In freeze 
drying, where the zone of sublimation 
recedes from the surface continuously, 
why is there a constant rate period? 

W. H. Zamzow: Generally in freeze 
drying we use materials with a low solid 
content—sometimes less than 1% solids 
and it can be up to 50% solids. In the 
case of a low per cent of solids there 
can be little resistance to diffusion of 
the water vapor away from the zone of 
sublimation. 

E. E. Wynkoop (Stokes Machine 
Co., Philadelphia, Pa.): Presumably 
the heat enters the material being dried 
at a high temperature level since it is 
generated from high temperature source. 
Would not the toasting, you might say, 
be detrimental to the biological potency 
of some of the more sensitive materials 
such as guinea pig complement for 
which you have presented no actual 
data? 

W. H. Zamzow: | don’t know what 
you mean by toasting. 

E. E. Wynkoop: High temperature 
can be tolerated only for a short time, I 
take it, otherwise you have to shut off 
the heat source. You have a high tem- 
perature for a relatively short time to 
give a small quantity of heat to produce 
evaporation. That high temperature 
you would expect to be detrimental to 
the first dried portions such as edges and 
bottom when certain products are ex- 
tremely heat-sensitive. 

. H. Zamzow: The heater has to 
be placed properly so tuat there is no 
overheating. You can get your high 
temperature without having a high 
power input by going though the right 
size heater. We have dried a guinea pig 
complement successfully, and have had 
no trouble with the toasting. 


(Presented at Minneapolis (Minn.) 
Meeting.) 
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APPLICATIONS OF FLUID MECHANICS 
AND SIMILITUDE TO SCALE-UP 
PROBLEMS 


PART | 


J. H. RUSHTON 


Illinois institute of Technology, Chicago, Illinois 


A brief review of the principles of dynamic similitude is given. Basic 
concepts of fluid mechanics are used to develop relations between fluid 
motion, equipment size, and fluid properties that may apply to chemical 
engineering work. A general method is given whereby the requirements 
for dynamic similitude for any flowing system can be determined. Exam- 
ples are given showing how these principles can be used in pilot plant 
models to obtain scale-up data for operations involving resistance to 
fluid flow, discharge of liquids from tanks, blending of liquids by a mixer, 
control of forced vortexes, dissolving of solids during mixing, and ab- 
sorption and desorption of gases in moving liquids. Suggestions are 
made for applying the principles to any type of operation involving mass 
transfer in a liquid, and to other flow operations such as fluidized systems 


and suspensions. 


HIRTY-FIVE years ago Lord Ray- 

leigh wrote (12), “I have often been 
impressed by the scanty attention paid 
even by original workers in physics to 
the great principle of similitude.” This 
author feels impelled today to say, “I 
have often been impressed by the scanty 
attention paid by chemical engineers to 
the great princivle of similitude.” 

Pilot plant studies are frequently 
initiated for the purpose of obtaining 
reaction rate and equipment perform- 
ance data so that large scale equipment 
can be sized to give desired operational 
capacity. This discussion deals with 
processes wherein liquid motion is in- 
volved and where the reaction rate is 
controlled in full or in part by a con- 
centration distribution in the liquid 
phase. If data obtained on a small-sized 
operation of this type are to be applic- 
able to large scale design it is essential 
to know the effect of size on liquid mo- 
tion and on.the distribution of concen- 
tration. Unless the concentration pat- 
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tern of the pilot can be achieved on the 
large scale operation, it will not be pos- 
sible to duplicate the rate of action at 
the same temperature. And, unless the 
concentration pattern can be related to 
liquid motion, it will not be possible to 
predict the rate of reaction for different 
motion patterns. 

It is intended here to call attention to 
principles of fluid mechanics and simili- 
tude which must be considered in the 
projection of experimental chemical en- 
gineering programs and for the evalua- 
tion of pilot plant data if such informa- 
tion is to become the basis for scale-up. 

Some of the process operations in- 
volving liquid motion where size may 
have a significant effect on reaction rate 
are: mixing, liquid-liquid extraction, 
absorption, and desorption of gases in 
liquids, solution of solids, distillation, 
and heat transfer. In general, any mass- 
or heat-transfer operation involving a 
reaction at an interface is dependent on 
fluid motion and may therefore be de- 
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pendent upon the size and shape of the 
system. 

To illustrate the connection between 
fluid mechanics and process operations, 
the reader can consider, for example, 
the desorption of a gas from a liquid 
under such conditions that the rate is 
primarily a function of the rate at which 
the gas molecules move through the 
liquid to the liquid-gas interface. This 
is a case ordinarily referred to as one 
in which the “liquid film coefficient” is 
said to be controlling. 

When the liquid with dissolved gas 
is in a quiet unagitated pool the rate at 
which gas molecules leave the interface 
and are desorbed depends upon the 
transport of molecules to the interface, 
and such transport is known as molecu- 
lar diffusivity and natural convection. 
Diffusion coefficients for such opera- 
tions have been evaluated for many sub- 
stances. If forces are exerted on the 
liquid to produce fluid motion, then ma- 
terial will be transported to the inter- 
face by forced convection as well as by 
natural convection. When the liquid is 
agitated by a mixing impeller or by flow- 
ing through a bed of packing, the trans- 
port of molecules to the interface will 
be affected by the liquid motion. It 
would, therefore, be expected that the 
rate of desorption of the gas would be a 
function of the liquid motion as well as 
of its specific diffusivity. And, it fol- 
lows, that evaluation of this effect can be 
made in terms of the liquid film coeffi- 
cient of mass transfer, since the postu- 
lated “film theory” is convenient for 
handling transfer of material by convec- 
tion. Accordingly, a liquid film coeffi- 
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TABLE 1. FORCE CHARACTERISTICS IN FORCE, LENGTH, TIME DIMENSIONS. 


KINEMATIC 
NOTATION 


force / moss 


SYMBOL & 
FORCE 
OIMENSION 


FLUID 
PROPERTY 


DIMENSIONLESS 


KINEMATIC NUMBER 


F = Ma 


SPECIFIC WEIGHT 
(gravity) 


VISCOSITY 


SURFACE TENSION 


MODULUS OF 


ELASTICITY 


* 
» 


u * VELOCITY = L/T 


cient is a function of fluid motion and 
therefore the same fluid motion would 
be necessary in two sizes of equipment 
in order to achieve the same film coeffi- 
cient and the same rate of desorption. 

If fluid motion is imposed on the li- 
quid behind the reaction interface, there 
will result a definite pattern of flow and 
of concentration of molecules. There- 
fore, it is to understand the 
effect of all forces and boundary condi- 
tions on the liquid flow pattern, because 
these conditions will affect the distribu- 
tion, or concentration, and the transport 
of the molecules. 

It has been noted by Hutchinson and 
Sherwood (9) and by others, that liquid 
film coefficients in absorption processes 
ire indeed dependent upon agitation and 
liquid motion. Other processes just re- 
ferred to have also been observed to 
depend on agitation, but few attempts 
have so far been made to relate these 
phenomena in a comprehensive way to 
the mechanics of fluid motion (75). The 
application of the principles of simili- 
tude in fluid motion appear to have wide 
application to 


essential 


chemical processing. 
These principles have been used exten- 
sively in heat-transfer and certain mass- 
transfer operations (particularly in the 
gaseous phase), but little has been done 
to prove their value in planning small 
scale process experiments where liquid 
motion is important, and in interpreting 
results for the design of larger equip 
ment to accomplish equivalent results 
In the field of mixing, for example, 
many pilot plant studies have been com- 
pletely useless for scale-up purposes be- 
cause of neglect to consider some of the 
parameters of fluid motion 

If it is known that a chemical process 
rate is dependent on fluid motion behind 


an interface or in a flowing stream, it 


should then be possible to reproduce the 
same chemical rate in a small experi- 
mental model or in a large unit provided 
that dynamic similarity of flow can be 
achieved. The condition of dynamic 
similarity is necessary rather than geo- 
metric or kinematic similarity alone, be- 
cause forces are required to move the 
mass of the substance in the manner de- 
sired. Unless dynamic similarity can be 
achieved or closely approximated, it will 
not be possible to reproduce results on 
any other scale if all other operating 
variables such as pressure and temper- 
ature are held constant. 


Similitude and Forces 


The forces and directions of flow at 
various points in liquids moving in mix- 
ing vessels, packed towers and other 
processing equipment are difficult to 
evaluate. Flow motions in process equip- 
ment are very complex, and point condi- 
tions can be estimated sometimes only 
by visual means. And when it is not 
possible to write a point-to-point descrip- 
tion of the flow pattern and forces in- 
volved, recourse is found in the prin- 
ciples of similitude that have been de- 
veloped in the field of fluid mechanics. 
These 


whereby 


principles provide a means 

the parameters which affect 
fluid motion can be used to define motion 
in a macroscopic sense without the ne 
cessity of a detailed knowledge of point 
conditions of flow. 

The basis of the principles of simili- 
tude of fluid motion lie in the assumption 
that when a force is applied to a fluid 
mass, the resulting acceleration assumes 
a direction dependent upon the boundar- 
ies of the system and the physical prop- 
erties of the fluid. Boundaries take into 
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account the shape, size, and location of 
all components of the system (3). 
Physical properties include the specitic 
weight, density, viscosity, surface ten- 
sion, compressibility. Thus, if two sys- 
tems of different size have the same 
ratio of length for all corresponding 
boundaries and positions, the systems 
are said to be geometrically similar. 
Fluid motions are kinematically similar 
when the paths are geometrically similar 
and the ratio of velocities at correspond- 
ing points are equal to the ratio at other 
corresponding points. Finally, a condi- 
tion of dynamic similarity will exist 
when geometric and kinematic similarity 
are present and when the ratio of masses 
and forces at corresponding points are 
equal to the ratios at other correspond- 
ing points. It follows that pressure in- 
tensities must also bear the same rela- 
tion as forces. 

A fluid motion may be described com- 
pletely in terms of force, mass, length, 
and time, because all boundaries, veloci- 
ties and fluid properties can be put in 
these dimensions (3). It is convenient 
to use the three units of force, length, 
and time (F-L-T) and to relate force 
and mass by Newton's second law, 
F = Ma. It is obvious that all linear 
boundaries of a system can be measured 
by the length dimension L. Velocities of 
motion may be designated by length and 
time, or by « which is equal to L/T. 
Direction of velocity can be given in 
linear coordinates. Forces may be repre- 
sented by Ma or by pressure intensity p, 
where p = F/L?. The physical proper- 
ties of fluids can also be represented in 
force, length, and time. Specific weight 
y is F/L4, and thus gravity g is y/p, or 
L/T?. Density p (slugs per cubic foot) 
in force units is FT?/L*. Viscosity p 
in force units is FT/L*, and kinematic 
viscosity v is or L*/T. Surface ten- 
sion is F/L and kinematic interfacial 
tension is o/p, or L*/T?, Elastic 
modulus ¢ is F/L?. All of the fore- 
going relations are listed for conven- 
ience in Table 1. 

The kinematic notations are in terms 
of force per unit mass, and are therefore 
the ratio of the force property to the 
mass density. 

The basic relations for similitude re- 
quire equal ratios of dimensions, flows, 
and forces for corresponding points in 
two systems. Using subscripts 1 and 2 
to denote two systems of different size, 
and subscript r for ratio, the following 
are the basic similitude equations : 


Newton's second law : 
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and 
F, = (la) 


or, in terms of pressure intensity where 
P= F/L? 


= (1) 
and 
= (1c) 
Also, 
F, = (2) 
and 
Pi = (2a) 


and for dynamic similarity F, or p, must 
be constant. 


For length, or coordinate position 
L,=L,L, (3) 


L, must be a constant for geometric 
similarity. 


For time, 
T, = T,T, (4) 


and 7, must be constant for kinematic 
similarity. 


For the derived and physical proper- 
ties : 


for velocity, « = L/T: 
= (5) 


and «, must be a constant for kinematic 
similarity. 


For density, 
= PrP2 (6) 
for viscosity, 


= (7a) 
for specific weight 


= (8) 


a> 
for interfacial tension 


= ow; (9) 


992 


(9a) 
for elasticity 

= (10) 
Force Ratios 


The product of mass times accelera- 
tion is called an inertia force and is a 
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resultant and equivalent to all forces 
acting on the mass. Hence, the inertia 
force can be equated to all forces enter- 
ing into a fluid motion. It follows that 
the ratio of the inertia force to the other 
forces involved are dimensionless 
groups which can be used also to de- 
scribe fluid motion. If such a ratio of 
inertia force to a fluid property force 
is constant for two sized geometrically 
similar systems wherein that property 
force is the only one operative then 
dynamic similarity obtains. This is 
equivalent to saying that F, remains 
constant in Equation (2) when L, is 
held constant in Equation (3). 

It is possible to write by inspection 
the various ratios of the inertia force 
to other forces. Such ratios are known 
by name. For example, the ratio of in- 
ertia force to viscous force (see Table 
1) is: 


= 


_Lup (Reynolds number) (11) 


or 


Ratios for the other forces can be 
found in the same way and are listed 
in Table 1. They are: 


Froude number i (lla) 
Weber number —- (116) 
w 
Cauchy number (lle) 


If it can be experimentally determined 
that a fluid motion is dependent upon 
viscosity, then the value of the Reynolds 
number must be constant for any values 
of size L if the force ratio at these 
sizes is to be constant. Conversely, if 
it can be shown that the Reynolds num- 
ber is constant at various sizes, then 
dynamic similarity will have been 
achieved if viscosity is the only active 
fluid property force. 


Velocity Ratio in Scale-up 


It is also evident that the inertia force 
can be equated to any one of the fluid 
property forces. This will result in a 
relation useful for scale-up to dynamic- 
ally similar conditions. For example, 
considering again the case of the viscous 
force; if it is the only fluid property 
force effective, then 


pL* pl? 
T? T 
and by rearranging for velocity 
pL. 


and for similarity, applying Equations 
(3), (5), (6) and (7) 
(12) 


This states that the velocity ratio at 
corresponding points in two systems is 
directly proportional to the kinematic 
viscosity and inversely proportional to 
the length ratio, or scale, of the two 
systems. Therefore, under these force 
conditions, velocity occurrences at cor- 
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responding points in a system twice the 
size which contained the same fluid at 
the same temperature and pressure, 
would be one half of the velocities in 
the smaller system. 

Equations like (12) for other proper- 
ties are determined in the same way, 
they are: 

When weight (or gravity) controls 
u, = (L,/g,)*, the force of gravity 
is approximately constant all over the 
surface of the earth and the ratic 
g, = 1, so the relation is usually written 
as 


up =/L, 


When interfacial tension controls 
w, 
u = - 
V L, 
When elasticity (or compressibility) 
controls 


(12a) 


(12b) 


u,= Ve, (12c) 


These are listed in Table 2. They are 
referred to as velocity ratio in scale-up, 
or as “model laws.” 

By means of these relations it is 
possible to account for fluid motion dif- 
ferences or similarities in equipment of 
different size. It is also possible to com- 
pute equipment size necessary for de- 
sired fluid velocities. 


Two Property Forces 


When two fluid properties influence 
fluid motion a summation of the indi- 
vidual effect of each can be made, but 
without experimental data it is not pos- 
sible to predict the relative effect of 
each. However, when two property 
forces are known to apply, each ratio of 
inertia force to property force must be 
constant for any change in the force, 
length, time scales. For example, assum- 
ing a fluid motion where both viscosity 
and specific weight are effective, the 
force ratios which can be used as par- 
ameters (Table 1) are the Reynolds 
number and the Froude number. From 
the previous discussion it is evident that 
for a different size system, geometrically 
similar, the Reynolds number must be 
constant to achieve dynamic similarity. 
Likewise, the Froude number gives the 
value of the ratio of inertia forces to 
weight forces (since y = pg, the Froude 
number is often referred to as the ratio 
of inertia to gravity forces) and if F, 
(weight) of Equation (2) is to be con- 
stant while L, of Equation (3) is con- 
stant as required for similitude, then the 
Froude number also must be constant 
as size is changed. 

These requirements for similitude im- 
pose restrictions on the scale-up possi- 
bilities. From Table 2 and Equation 
(12) the velocity ratio due to viscous 
forces in size change, or scale-up, is in- 
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versely proportional to size. So, using 
the same kinematic viscosity, if the L, 
were 2, then the velocities in the larger 
system would be one-half those in the 
smaller. The velocity ratio in scale-up 
due to weight (or gravity) is given in 
Equation (12a) and in Table 2. Ac- 
cordingly, for L, of 2, the velocities in 
the larger system would be \/ 2, or 1.41 
times those in the smaller. The viscous 
forces thus tend to reduce velocity as 
size increases, whereas the weight forces 
increase velocities. For dynamic simi- 
larity to exist u, must be constant for 
any size system regardless of what 
forces are operative. Therefore, u, 
(viscosity) must equal u, (weight). By 
equating the velocity scale ratios ( Equa- 
tions (12) and (12a)) 


Vi, 


= L,3/2 


(13) 


This shows that dynamic similarity 
under these conditions cannot exist for 
the same fluid at the same temperature 
and pressure. If L, is 2, then the kine- 
matic viscosity of fluid in the large sys- 
tem must be 2°/?, or 3.83, times that 
in the small one. 

Equation (13) states the relation be- 
tween viscosity and scale for dynamic 
similarity of flow. To determine the 
velocities of flow at various scales, 
either of the two velocity ratio equations 
for scale-up will yield the same result, 
because the value of v in Equation (12) 
is fixed by Equation (13) so that u, 
(viscosity) will be equal to u, (weight). 

Other pairs of force properties can be 
handled in the same way. Several pos- 
sible combinations are listed in Table 2. 
They are: 

For the case when specific weight and 
interfacial tension play the significant 
roles, the velocity ratios for each are 
equated, resulting in 


(13a) 


When viscosity and interfacial tension 
are both effective, 


= 


(13d) 


The relations which have been devel- 
oped in the foregoing discussion are 
summarized in Tables 1 and 2. The var- 
ious force dimensions, notations and 
dimensionless groups are given in Table 
1. Table 2 shows the equations required 
for similitude for various fluid property 
forces, normally affecting fluid motion. 


Distorted Models 


It may not be convenient or possible 
to change such properties as interfacial 
tension and viscosity or other properties 
as required by the relations of Table 2 
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to achieve similarity. In such cases the 
effect of one or more property may be 
minimized by distorting the model. For 
example, interfacial tension is minim- 
ized by avoiding sharp fluid surface 
curvature. 

If viscosity is one of two effective 
forces it is possible to minimize its 
effect, or even to render it negligible by 
operating at high velocities to achieve 
high Reynolds numbers. If at the same 
time it is possible to evaluate the other 
force parameter, it may then be possible 
to approximate a combined effect. In 
the event that individual parameter 
effects can be evaluated by such means 
it can be assumed for practical purposes 
that the individual forces dependent 
upon each parameter can be added to- 
gether. Such is the technique as de- 
veloped by Froude for the case of vis- 
cous and gravity forces operating on the 
hull of a ship, and the use of models for 
experimental work to determine the 
power necessary to drive ships of var- 
ious designs is based on the principle 
that the force functions are additive. 
This is analogous to the well-known ex- 
perimental technique of holding all var- 
iables constant except one, so that each 
variable may in turn be evaluated. 


More than Two Property Forces 


When three force properties play a 
part in fluid motion it is rarely possible 
to reproduce dynamic similarity on any 
other size equipment. It is clear from 
inspection of the velocity ratios for 
scale-up that if more than two of them 
are equated at a time, it restricts the 
physical properties of the fluids so that 
there is little possibility of choosing 
actual liquids that will meet the require- 
ments. It is sometimes possible to dis- 
trot models (5) and to evaluate the 
effect of individual forces independ- 
ently: this was discussed in the preced- 
ing paragraph. 


Determination of Applicable 
Parameters 


Equations (1)-(10) can be used to 
describe all flow motions, in which they 
represent all the variables and boundar- 
ies. However, the interrelation between 
them must be known and related to 
Newton's second law as shown in Equa- 
tions (10)-(13) and as tabulated in 
Table 2. The interplay of forces due to 
fluid properties, boundary conditions, 
and any imposed work force results in 
a definite flow regime. Such an inter- 
play of forces may result in various 
combinations of the similitude equations. 
If an equation can be written to describe 
a fluid motion completely, then a group- 
ing of properties, boundaries, and forces 
can be found which can be used as a 
parameter for conditions of dynamic 
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similarity. Unfortunately such a tech- 
nique is often difficult and, therefore, 
cut-and-trial means for determining 
parameters are frequently used. The re- 
lations just reviewed cannot be used to 
predict which forces will take part or to 
what degree they might interact, except 
in a qualitative way. 

Inertia forces predominate whenever 
the flow pattern is constant over a rela- 
tively wide range of velocities. Inertia 
forces are, of course, always present in 
any flow motion, as postulated by New- 
ton. Since the property force param- 
eters are all ratios of inertia to the 
property force, it follows that for high 
values of the Reynolds, Froude, and 
Weber numbers, the inertia forces pre- 
dominate, and viscous, weight, and in- 
terfacial tension forces play a minor 
role. Conversely, low values of these 
parameters indicate that the correspond- 
ing fluid properties may play an effec- 
tive role. 

Weight (or gravity) forces are effec- 
tive wherever waves or vortexes are 
present in a fluid interface, and when 
the Froude number is relatively small. 

Viscous forces are effective when the 
viscosity is high, or when there is not 
much turbulence, or when the Reynolds 
number is low. 

Interfacial tension forces may be im- 
portant when there is sharp surface or 
interface curvature or where interfacial 
tensions are large, or where the Weber 
number is relatively low. 

Elastic forces may be of importance 
when the modulus of elasticity or com- 
pressibility is small, or where pulsations 
are frequent, or when the Cauchy num- 
ber is high. 

One technique often used to determine 
which parameters may be useful in cor- 
relating or characterizing flow motion is 
that of Dimensional Analysis. The Pi 
theorem of Buckingham (3), and the 
method of Rayleigh (12) are based on 
the premise that a general function of 
all variables which contribute to a flow 
motion can be stated, and that these var- 
iables can be arranged in a variety of 
dimensionless groups depending on the 
arbitrary choice of four variables. 
Either of these two methods can be 
used and will give identical results. The 
Froude, Reynolds, Weber, and Cauchy 
numbers can all be derived in identical 
form to those just shown and in Table 
2. In addition, all the length ratios 
which are inherent in the boundary di- 
mensions of the system can be derived. 

To illustrate the use of these tech- 
niques, assume that all factors influenc- 
ing a flow motion are: (1) A series of 
linear (L) boundary dimensions a, }, 
and c. (2). A mean velocity « in the 
direction of a pressure intensity p. (3). 
Specific weight y, density p, and vis- 
cosity » of the fluid. 
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Then 
f = 0 (14) 


If this is operated on by either the 
Buckingham or Rayleigh technique 
(18), the result is: 


= 


pu* 


The left-hand term will be recognized 
as the Newton inertia force group in 
pressure units (Eq. Ic). The first and 
second terms on the right are both linear 
ratios, and the third and fourth terms 
are the Froude and Reynolds numbers 
respectively. The @ dimension was 
chosen as the reference length. Note 
that the dimensionless ratios of inertia 
force to property force as derived earlier 
from Equation (1) could have been 
written directly in the form of Equation 
(15), and the boundary dimension ratios 
are a requirement of geometric similar- 
ity since all dimension ratios must stay 
constant for geometric similarity (Eq. 
(3)) if any one dimension is changed. 
So, if Equation (14) can be deduced, 
Equation (15) may be written by in- 
spection based on the similarity require- 
ments of Equations (1)-(10). 

Regardless of the technique used to 
determine an equation like (15), such 
an equation does not of itself show the 
interrelation between the various factors 
involved. Furthermore, its validity is 
dependent upon that of Equation (14). 
Hence, the importance and interrelation 
of the groups in an equation like (15) 
are not known until they are evaluated 
by experiment. If experimental data 
are available then each dimensionless 
ratio of an equation like (15) can be 


used in turn as a parameter and eval- 
uated. Graphical means are often em- 
ployed for such evaluations. Figure 1 
is one example showing how the inertia 
forces are evaluated in terms of the 
Reynolds and Froude numbers for fluid 
motion in a mixing tank (18). At best, 
however, these methods simply show the 
effect of various properties and geo- 
metry by the indirect method of assum- 
ing an influence and then substantiating 
it if possible by experiment: a type of 
cut-and-trial technique to obtain param- 
eters for correlation of data. 

There is a direct method by which 
Equations (1)-(10) can be used to give 
the significant parameters for flow mo- 
tion directly. It is dependent upon 
ability to write a differential equation to 
express a particular flow motion. The 
technique can best be illustrated by the 
general equations of Navier-Stokes for 
the case of noncompressible viscous 
flow (21). The first of the Navier- 
Stokes equations for flow, omitting the 
divergence term, is for system 1. 


2 2 
4 My :) 


Ou, 
oT, 


(16) 


lf this equation is written for another 
system 2, with the proper alteration of 
length, time, and force (or pressure in 
this case) scales, the result will be an 
equation for a completely similar flow. 
The proper scales for similarity will be 
those of Equations (1)-(10) which may 
apply. Thus if Equation (3) in terms 
of x is written as +, = L,ro, and simi- 
larly for y and z, and also Equations 2a, 


Ww OM, 


Oz, 
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FOR CURVE -BE- VORTEX PRESENT ¢ * 
Fig. 1. Power characteristics of a mixing impeller. 
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4, 5, 6, and 7 are substituted in Equation 
(16) the result is 


(1) 
Prler 


O*2 


For dynamic similarity Equation (17) 
must equal Equation (16). This is true 
when the coefficients of Equation (17) 
are equal, or 
u, 
7) 
These groups each must be satisfied for 
dynamic similarity for viscous flow. 
Inspection of the third and fourth 
terms show that they are obviously 
equal. 
The second and third terms, 


prL,* 
L typ, 


=] 
L,7u,*p, 


or — 

and is dimensionless, and by substituting 
according to Equations (3), (5)-(7) 
there results 


— —= = Np, 
(19) 
The Reynolds number so derived shows 
that this form is necessary for dynamic 
similarity. 


Equating the first and third terms of 
Equation (18) gives 


or = which is Equation (1c). 
Equation (1c) is equal to Equation (1), 
and it may be written as 

prt, 


r 


2 1 the Newton inertia group 
(20) 
substituting, and letting L* = ; 
F, F, 
pyity®. 


Poll”. 1, 


This is sometimes called the drag co- 
efficient, and is the other dimensionless 
parameter which must be constant in 
dynamically similar viscous flow. 


Equating the first and second terms 
of Equation (18) 
= 
prl, 


and let p 


pp Le 


(21) 


and this is another dimensionless form 
of the Newton inertia group. Either 
Equation (20) or (21) can therefore be 
used to characterize the inertia forces. 

Thus, from the differential equation 
it is shown that the Reynolds and inertia 
groups are sufficient to satisfy dynamic 
similarity for viscous flow. If, there- 
fore, a differential equation can be writ- 
ten to describe any complex flow motion, 
the dimensionless parameters necessary 
for similarity can be obtained directly, 
and those obtained in this way should 
be complete and sufficient for the pur- 
pose. If the differential equation can be 
solved, the interrelation between the 
parameters can be obtained. Otherwise 
the interrelations must be obtained 
through experimental data. 


Experimental Data 


Experimental data involving force 
and various values of length and time 
can be used as shown in Figure 1 to 
relate the various fluid motion para- 
meters (78). Figure 1 is a curve relat- 
ing the inertia force to the Reynolds 
and Froude numbers for a mixing im- 
peller, but the curve ABCD is also 
typical of the general relation for fluid 
drag in a pipe or across any solid sur- 
face. A brief review of the significance 
of this logarithmic plot is pertinent. 

At low Reynolds numbers the part of 
the curve 4B has a slope of —1 and 
can be represented (from Equation 
(15)) by 


purl? m 


F = K’Lip 


giving 
(22) 


showing that force is proportional to 
size, velocity and viscosity under these 
conditions, called viscous flow, and that 
these relations hold in similitude. The 
value of K’ is determined from the 
position of the curve, and is thus fixed 
by experimental data. 

For that part of the curve CD, the 
slope is zero and 


purl? 


F = 


giving 
(23) 


This shows that viscous forces are not 
controlling under these conditions. The 
flow is one of fully developed turbulence. 
The value of K” can be determined 
from the curve and is fixed by experi- 
mental data. 
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For curves such as BE, similar equa- 
tions can be developed depending on the 
slope, but in these cases it is evident 
that viscous forces are effective over 
the entire curve ABE. 

Correlation of experimental data in 
this way allows evaluation of the im- 
portance of the force parameters. It is 
evident that the slope of the line in such 
a plot as in Figure 1 gives the relative 
effect of the inertia group and the 
Reynolds group, and thus the interaction 
of properties in geometrically similar 
systems. When the slope of the line 4B 
is —1 it shows that the inertia force is 
directly proportional to the viscous 
force: hence, viscous forces alone are 
dominant in defining the flow motion. 
When the slope of the curve is zero 
then the inertia force is independent of 
viscous forces. Furthermore, since 
similitude is based on Newton's law, 
the flow pattern is defined by the inertia 
group. Hence, a flow pattern or motion 
pattern will be the same in two different 
sized systems only when the inertia 
group is the same. If viscous forces 
control, as for AB, then they affect the 
flow pattern : a change of Reynolds num- 
ber will change the flow pattern. There- 
fore, while it is possible to reproduce 
the same flow pattern in two different 
sized systems it is not possible to repro- 
duce the same velocities in the two sys- 
tems with the same viscosity liquid. This 
is a corollary of Equation (12). 

When viscous forces do not control 
line CD, then the Reynolds number has 
no effect on the flow pattern, and the 
flow pattern is constant over the entire 
range of fluid velocities represented by 
all the Reynolds numbers from C to D. 
A velocity at one point in a system will 
bear a definite relation to all other ve- 
locities in the same system, and in a 
kinematically similar system, the ve- 
locity distribution will have the same 
relations at corresponding points. There- 
fore, if the inertia group is constant, the 
velocity at one point (or average) can 
be varied and the same flow motion 
pattern will result. It is possible, then, 
to reproduce a flow motion pattern and 
the same velocities of flow at corre- 
sponding points in systems of two dif- 
ferent sizes when there is fully devel- 
oped turbulence. Fully developed tur- 
bulence may be defined by a slope of 
zero for the line CD. 

The importance and interaction of 
other property forces can be analyzed 
in the same way provided that the data 
are available and sufficient to determine 
the effect of one force parameter inde- 
pendent of the others. 


(Part Il of this paper will contain 


Figures 2, 3, and 4, and Notation, Liter- 
ature Cited, and Discussion.) 
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THE EFFECT OF PULSATIONS ON 


HEAT TRANSFER 


Turbulent Flow of Water Inside Tubes 


FRANK B. WESTT and ALLAN T. TAYLOR? 


University of Washington, Seattle, Washington 


Water film coefficients of heat transfer inside tubes for heating and cool- 
ing at Reynolds numbers of 30,000 to 85,000 have been increased as much 
as 60 to 70% by the use of partially dampened pulsating flow from a 
reciprocating pump. There appears to be an optimum degree of damp- 
ening since severe pulsations were not as efficient and resulted in more 
vibration than moderate pulsations. 


Crude power consumption measurements have been interpreted to indi- 
cate an increase of no more than 30% in the net power consumption after 
subtraction of no-load losses of the pump and motor for the region of 
the optimum pulsations. It appears that the method should have appli- 
cations both to new design and also to increasing the capacity of existing 
heat exchangers. 


NUMBER of methods have been 

used for reducing the thickness of 
the laminar film and transition layer 
which separate a heat-exchanger tube 
from a turbulent core of fluid flowing 
within the tube. Various types of tur- 
bulence promoters such as coiled wires, 
spirals of various pitches, and propeller- 
shaped baffles have been reported by 
Royds (11), Colburn (3), Nagaoka and 
Watanabe (9), and Siegal (12). The 
fins sometimes used to extend heat-ex- 


with a minimum frequency of 1500 
vibrations/min. Martinelli and Boelter 
(6) also have studied the effect of vibra- 
tion on heat transfer from a cylinder. 

The present investigation concerns 
the effect of pulsations in the flow rate 


on the rate of heat transfer in heat- 
exchanger tubes. Such pulsations can 
be produced readily by reciprocating 
pumps. In many heat exchangers pul- 
sating flow already exists or could easily’ 
be produced by altering the air chambers 
commonly used to dampen the pulsations 
from reciprocating pumps. It was ex- 
pected that pulsations would improve 
heat transfer in two ways: (1) the peak 
longitudinal flow would be increased 
which should decrease the film thickness, 
and (2) the subsequent minimum longi- 
tudinal flow should result in radial diver- 
sion of much of the excess longitudinal 
kinetic energy. The magnitude of the 
improvement compared with the in- 
creased power consumption could only 
be found by experiment. 

The present article is limited to the 
effect of pulsating flow on water heat- 
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changer-tube surfaces also serve a simi- 


lar purpose (5). The applicability of 
such devices depends on a three-way 
balance between reduction in investment 
in heat-transfer area, increase in invest- 
ment and maintenance due to the tur- 


INLET 


COOLING WATER 


HEATER 


STEAM TRAP 


bulence promoters themselves, and the 
net change in power consumption for 


TANK 


the same heat-transfer performance. A 


COOLER 


somewhat different approach has been 
advanced by Andreas (1) who consid- 
ered the mechanical vibration of an en- 
tire heat exchanger. Andreas recom- 


mended vibration with an amplitude of 


1 to 5 mm. in the direction of the tube 
+ Present address: 
Co., Emeryville, Calif. 
t Present address: General Electric Co., 
Hanford Works, Washington. 
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Fig. 2. Details of steam-water heat exchanger. 


transfer coefficients at what would have 
been Reynolds numbers of 30,000 to 
85,000 for steady flow. Parallel investi- 
gations (8, 13) at Reynolds numbers of 
26 to 1375 showed no improvement. 


Heat-Transfer Apparatus 


The principal equipment consisted of a 
reciprocating pump, a variable air chamber, 
a steam water heater, a water-cooler, and 
a pressure-drop section. The flow sheet 
appears in Figure 1. 

Vater from a large reservoir was circu- 
lated through the system by means of a 
Worthington Triplex pump. The pump had 
been modified by removing its air chamber 
and two of its three pistons. The remain- 
ing piston had a 3.5-in. diam. and a 4-in. 
stroke. It was driven at approximately 100 
rev./min. by a 15 hp., three-phase motor. 
The input power was measured at the 
switch box by the two-wattmeter system 

The water pulses from the pump passed 
through a vertical cylindrical tank contain- 
ing an amount of air which could be 
adjusted to give any desired degree of 
pulsation in the stream leaving the tank. 
The steel tank was 9 in. in diam. and 30 in. 
tall. It was provided with compressed air- 
inlet and air-outlet connections for adjust- 
ing the air volume during »peration. The 
water level was read by means of a gauge 
glass. At first the water level in the gauge 
glass oscillated much more than corre- 
sponded to the volume of each pulse. This 
was attributed to momentum effects and 
was offset by throttling the water inlet to 
the gauge glass until the fluctuations in 
level were reduced to one-fourth to one- 
half inch, of the same order as the theo- 
retical fluctuation. 

The pulsating stream of water from the 
air chamber entered the steam-water heat 
exchanger through a 9-ft. calming section 
of well-lagged 2-in. pipe. The heater con- 
sisted of a horizontal 20-ft. length of 2-in., 
schedule 40, galvanized iron pipe which was 
steam-jacketed for 18.17 ft. A double 
jacket was used to eliminate heat loss from 
all but the ends of the inner steam jacket 
It consisted of concentric 4-in. and 6-in. 
iron pipes arranged with steam inlets, vents, 
and separate condensate drains as shown in 
Figure 2. Wet steam at 125 Ib./sq.in. gauge 
was dried by passage through a steam 
separator and then was throttled by a re- 
ducing valve to approximately 10 1b./sq.in. 
gauge as measured by a calibrated Bourdon 
gauge. It entered the top of the lagged 
outer jacket through four 434-in. inlets 
spaced 4 ft. apart, and from there entered 
the top of the inner jacket through 18 
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0.5-in. holes spaced 1 ft. apart. Inerts were 
purged with excess steam through vents 
from both jackets located at both ends of 
the exchanger. Condensate dripped from 
the inner water pipe and ran along the 
bottom of the inner jacket in contact with 
steam to one of six 0.5-in. drains. The 
drains discharged through a common header 
to a single bucket-type steam trap. Con- 
densate leaving this trap was cooled to pre- 
vent flashing prior to weighing on scales 
which were accurate to within 0.5% for 
the weights of condensate collected. Con 
densate from the outer jacket was removed 
through a separate steam trap and was not 
collected. Temperatures of the inlet and 
outlet circulating water were obtained by 
0.2° C., thermometers in a_ thermowell 
ahead of the calming section and in another 
2 ft. beyond a cross used as an elbow in 
the outlet line. 

The water from the heater was cooled 
by means of a horizontal cold water- 
jacketed section of 2-in., schedule 40, gal- 

vanized-iron pipe. The jacket consisted of 

a section of 3-im., schedule 40, galvanized- 
iron pipe connected through reducers to a 
packing gland near either end of the inner 
pipe. The cooling water connections were 
located approximately 4 in. from the pack- 
ing glands, so an arbitrary allowance has 
been made for a 2-in. stagnant pocket at 
both ends of the jacket. This reduced the 
total jacketed length from 99.5 to 95.5 in 
No insulation was used. The inner pipe 
protruded from the jacket far enough to 
give an over-all calming section of 8 in. 
including the assumed stagnant pocket. The 
hot water entered this short calming sec- 
tion through a pipe tee used as an elbow 
and bearing a thermowell for measuring 
the outlet water temperature from the 
heater which was also the inlet water tem- 
perature to the cooler. The outlet water 
temperature from the cooler was measured 
at a thermowell in a pipe cross used as 
an elbow 8 in. beyond the jacket. The 
outlet cooling water temperature was ob- 
tained by a similar thermowell, while the 
inlet cooling water temperature was ob- 
tained elsewhere in the laboratory. 

In order to raise the power consumption 
of the pump to a level which could be 
measured by the wattmeters with any ac- 
curacy, the cooled water was forced through 
a 24-it. section of -in., schedule 40, black- 
iron pipe. 

The cooled water finally was discharged 
back to the reservoir, to the sewer, or to 
a large tank for checking the flow rate. 
The tank was set on a platform scale which 
was found to be accurate within 0.5%. The 
tank leaked slightly, but the leakage rate 
was measured and corrected for. 
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Operating Procedure 


Two series of runs were made, one with 
the water being recirculated through the 
system to give an inlet temperature of ap- 
proximately 75°C., and the other with 
fresh tap water at approximately 15° C. 
Data were taken over the heater in both 
series and over the cooler in the second 
series. The primary variable in each series 
was the water level in the air tank which 
determined the degree of pulsation. 

The procedure in the first series was as 
follows : 

Water was pumped through the system 
and back to the reservoir. Steam was ad- 
mitted to the heater and adjusted to 10 Ib./ 
sq.in. gauge, the condensate discharging to 
the drain. When the inlet circulating water 
had reached 75° C., the cooling water was 
turned on and the air volume in the air 
chamber was adjusted. The system was 
allowed to run until steady-state conditions 
were attained which required approximately 
30 min. Condensate from the inner steam 
jacket was then collected for a 15-min. 
period and weighed. The level in the air 
tank was checked and adjusted if necessary 
every five minutes during this period. Tem- 
peratures, steam pressure, and power input 
to the pump’s motor were recorded at five- 
minute intervals. The circulating water 
rate was measured at the end of the run 
by collecting it for a period of one to three 
minutes and weighing. In most cases a 
duplicate run was then made repeating all 
measurements except for the total water 
flow. Run 23 was made with so small an 
air volume that the entire apparatus vi- 
brated badly, and the data were taken as 
rapidly as possible without waiting long 
enough to insure steady-state conditions. 

The procedure in the second series of 
runs was essentially the same except that 
none of the water was recirculated and 
temperature measurements were also made 
over the cooler. Steady-state conditions 
were attained rapidly with the constant 
inlet-water temperature. The colder water 
increased the rate of condensation so greatly 
that the condensation collection period was 
shortened to ten minutes and readings were 
taken at three-minute intervals. The total 
water flow was measured at the end of 
the first run for each new air volume, the 
water being collected for three minutes. 
Duplicate runs were made at each air 
volume. 

Pulsation Ratio. A “pulsation ratio” has 
been defined to characterize the pulsations 
resulting from various water levels in the 
air chamber. This is the ratio of the maxi- 
mum air volume to the minimum air vol- 
ume in the air chamber over the cycle of 
one pulsation. This also would be the ratio 
of the maximum to the minimum absolute 
pressures in the chamber if the air temper- 
atures were the same. Hence low pulsation 
ratios correspond to slight pulsations and 
high ratios to large pulsations. 

Since it was impossible to measure the 
maximum and minimum air levels with 
precision in the present investigation, the 
minimum level was measured as accurately 
as possible, and the difference between the 
minimum and maximum volumes was cal- 
culated. The minimum air volume was 
found from the minimum air height in the 
9-in. diam. tank as recorded in Table 1. 
It was necessary to add 25 cu.in. to this 
volume to allow for the air in the external 
air inlet and outlet lines. At low pulsation 
ratios where the water outflow rate from 
the tank is nearly constant, it is possible 
to calculate the crankshaft angles for 
which the inflow rate should equal the 
constant outflow rate. For the 9-in. 
connecting rod used here these angles were 
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TABLE i.—TABULATION OF DATA AND RESULTS FOR THE HEATER 


Air Teok 
Min. Air Height 
inches 


Pulsetion 
Retio 


Weter Rete 


viroulsting 


Stees Pr 


(80 
geuge 


ess. 
is.) 


ondensate 


Rete 


Hest Trensfer Coefficients 
Btu/ (hr) (sc. ft)ideg F) 
B, _ 


Gross Power 
Consumed 
Watts 


Heet Hest 
Trensferred Belence 


15.2 
15.2 
15.2 
15.2 
15.2 
7.6 
3.6 
2.3 
2.3 
1.5 
1.5 
1.1 
la 
0.6 
0.8 


1.02 
1.02 
1.02 
1.02 
1.02 
1.04 
1.06 
1.12 
1.12 
1.16 
1.16 
1.22 
1.22 
1.26 
1.26 
1.28 
1.42 
1.42 
1.56 
1.56 
1.64 
1.08 


135 
141.6 
141.6 
145.5 
14t.8 
132.5 
1435.0 
140.4 
140.4 
142.3 
142.3 
142.5 
142.5 
141.2 
180.5 
1580.5 
150.5 
180.5 


74.52 
74.32 
75.16 
75.66 
75.62 
74.65 
75.72 
75.34 
75.42 
74.00 
74.95 
74.00 
75.00 
75.14 
75.28 
75.75 
75.40 
75.25 
75.16 


75.468 
75.90 
14.55 
14.58 
14.62 
14.64 
14.70 
14.70 
14.55 
14.66 
14.70 
14.70 
14.60 
14.60 
14.€ 

14.84 
15.05 
15.10 
14.99 
14,92 


9.65 


24 


214,500 
228, 400 
224, 700 
232, 900 
224,400 
215,000 
235, 600 
219,200 
219,600 
271, 300 
263, 200 
266, 000 
272,000 
247, 300 
256,000 
250,500 
260,000 
264,000 


246,100 
263, 700 
491,000 
489, 400 
483,000 
461, 500 
477,000 
482,500 
545,000 
543,000 
506,000 
$06 ,000 
508,000 
$11,000 
618,000 
608,000 
621,000 
616,000 
594,000 
596,500 
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TABLE 2.—TABULATION OF DATA AND RESULTS FOR THE COOLER.** 


Cooling Water 
Pulsation tin tout 
Ratio *c 


Run 
No, 


Circulating 
Water Temp. 


Heat Transfer Coefficients 
Btu/(hr.)(sq. ft)(deg F) 


ny 


16.23 


14.55 
1.78 
1.67 
1.70 
14.70 
14.55 
14.66 
14.70 
1.70 
14.60 
1L.60 


16.40 
16.38 
16.35 
16.38 
16.39 
16.71 
16.90 
16.60 
16.65 
16.40 
16.54 
14.60 
1h. th 
15.05 
15.10 


17.90 
1.26 17.92 
16.25 
18.25 
17.82 


17.62 


1.L2 
1.56 
1,56 


14.99 
11.92 


272.0 
275.6 
211.0 
263.5 
259.4 
258.4 
284.0 
289.3 
283.0 
276.4 
272.2 
272.2 
343.6 
320.7 
35640 
348.0 
336.8 
340.2 


temperature from heater. 


23°30’ and 164°48’ from the top of the 
cycle. The volume of water accumulated 
by the tank between these two angles was 
calculated to be 55.4% of the piston dis- 
placement or 21.3 cu.in. The same incre- 
ment was used as an approximation at the 
higher pulsation ratios. 


Comparison of Heat-Transfer 
Results 


Results are tabulated in Tables 1 and 
2. Only runs with heater heat balances 
checking within 7% have been included. 
The Series II runs show an average 
of 18% more heat taken up by the 
water than given up by the steam if it 
were dry and saturated. Superheat in 
the steam may account for most of this 
discrepancy. The superheat in dry steam 
throttled from the supply pressure to 
the jacket pressure would have amounted 
to 3% of the latent heat. In practice 
this would have been reduced by any 
water passing through the steam sepa- 
rator and by heat losses in the outer 
steam jacket. Little difficulty was en- 
countered in maintaining conditions in 
these runs, and the average deviation 
from the 1.8% average heat balance dis- 
crepancy was only 0.7%. 
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Inlet circulating water temperature to cooler same as 


## Other data same as for Runs No. 2 to ll in Table I. 


outlet circulating water 


The Series I runs show an average 
of 3.2% less heat taken up by the water 
than given up by the steam, and this 
difference would be increased by allow- 
ance for superheat. Part of the dis- 
crepancy must be due to heat losses from 
the circulating water lines between 
thermowell stations. The average tem- 
perature difference for heat loss from 
these lines was five to ten times as great 
as in Series II. It was more difficult to 
control the runs in Series I, and this is 
reflected by an average deviation of 
1.8% in the heat balances from the 
average heat balance. 

Over-all coefficients of heat transfer 
for the inside tube area were calculated 
from the heat taken up by the circulating 
water and the log-mean temperature 
differences and are listed in Tables 1 
and 2. The coefficients increased with 
increase in pulsation ratio. 

The experimental inside water film 
coefficients, h,,*, were found by subtract- 
ing the predicted wall- and jacket-side 
resistances from the over-all resistance. 
A thermal conductivity of 34.6 B.t.u./ 
(hr.) (sq.ft.) (° F./ft.) was used for the 
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pipe wall. Condensing steam film co- 
efficients were calculated from Equation 


(1) (7): 
h, = ose, (2) 


The annular water film coefficients for 
the cooler were calculated from Carpen- 
ter’s Figure 11 (2); the cooling water 
rate had been estimated by a heat bal- 
ance over the cooler. 

The inside water film coefficients ob- 
served for the heater at the two lowest 
pulsation ratios, 1.02 and 1.04, have 
been compared with those predicted for 
normal flow by Equation (2) (7): 


Go8 


(2) 


(1) 


hy = 0.00391 (1 + 0.0133t,) 


The coefficients for the most accurate 
set of runs, those of Series II heating, 
averaged only 1.2% above the predicted 
values. Those for Series I heating 
averaged 5.3% below the predicted 
values but would have been much closer 
if the heat transferred had been based 
upon the condensate instead of the cir- 
culating water. 

The inside water film coefficients ob- 
served for the cooler at the two lowest 
pulsation ratios averaged 22% higher 
than predicted. This is much more than 
can be accounted for by experimental 
errors even though these admittedly 
were larger than for the heater runs. It 
is believed that an unusual degree of 
turbulence is responsible for the higher 
coefficients. The calming section is pre- 
ceded by a pipe tee used as an elbow 
with the flow entering the run. Such a 
fitting should have an equivalent length 
of 60 pipe diam. (10) in determining 
pressure drop due to friction. The 
calming section is only 4 diam. long, and 
the cooler itself is only 46 diam. The 
22% increase over the normal film co- 
efficients for exchangers with adequate 
calming sections can easily be explained 
by the hundred per cent increase in the 
pressure drop. 

The effect of the pulsation ratio on 
the observed inside film coefficients is 
shown in Figure 3. The observed coeffi- 
cients have been expressed in terms of 
their ratios to the predicted values for 
steady flow with adequate calming sec- 
tions to correct for variations in the 
water rate and temperature. The coeffi- 
cients increase slowly at first and then 
more rapidly up to the pulsation ratio 
of 142. At this point the ratios of 
observed to predicted coefficients are 60 
to 70% greater for all series than at 
pulsation ratios of 1.02 to 1.04. At still 
higher pulsation ratios poorer results 
were obtained, and the vibration of the 
equipment became excessive. 
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Comparison of Power 
Consumption 


The gross power drawn by the 
pump’s motor for each run is shown in 
Table 1. Considerable difficulty was 
experienced in reading the total power 
because the wattmeter needles oscillated 
as much as 25% above and below the 
average reading for each stroke of the 
pump. The value reported should be 
considered as an approximation since it 
is the sum of the averages of the high 
and low readings for the two meters. 
The values are erratic, but there appears 
to be a slight increase up to moderate 
pulsation ratios in each series of runs. 
A considerable and unexplained differ- 
ence in power consumption was noted 
between the two series. 

The gross power consumed is not a 
fair criterion for determining the effect 
of pulsations on the power consumption 
because of the large “no-load” losses of 
the pump and motor. The no-load losses, 
including the power to pump the greater 
part of the water through a by-pass 
which was throttled sufficiently to force 
a trickle of water through the ex- 
changer, were found to be 1650 w. after 
Run 20 of Series I and 1140 w. after 
Run 41 of Series II. The authors can- 
not explain the difference of 500 w. 
between the two no-load losses but pre- 
sume it to be related to the temperature 
of the water pumped, 75° C. in Series I 
compared with 15° C. in Series II. 

If the net power consumption is calcu- 
lated for each run using the above no- 
load values for Series I and Series II, 
the two lowest pulsation ratios average 
725 w. in Series I and 770 w. in Series 
II. These net consumptions agree 
closely among themselves but are ap- 
proximately 45% higher than predicted 
for the pressure-drop section alone using 
the friction factor curve for 1- to 12-in. 
commercial iron pipe (10). It is likely 
that the section acted as though it had 
“rough” walls since the Reynolds num- 
bers were high and the %-in. black-iron 
pipe had rusted. 

The net power consumption as calcu- 
lated here increases 10 to 30% between 
pulsation ratios of 1.02 or 1.04 and 1.28 
or 1.42. This is a moderate increase for 
the resulting improvement in heat trans- 
fer. These values are presented with 
reservations in view of the assumptions 
as to no-load losses, the difficulty in 
reading the oscillating wattmeters, and 
the variation in water flow rate between 
runs. It should also be remembered 
that the net power consumptions are for 
isothermal pulsating flow in the pres- 
sure-drop section since the theoretical 
power consumption in the heat exchang- 
ers was less than two watts. 
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PULSATION RATIO 
Fig. 3. Effect of pulsations on water film coefficients. 


General Comment 


The present results indicate that it 
should frequently be possible to boost 
the capacity of existing heat exchangers 
operating with turbulent flow of liquid 
inside tubes without excessive increase 
in power consumption by switching to 
reciprocating pumps with a controlled 
degree of dampening of the pulses. 
More work is needed to determine the 
optimum period and amplitude of the 
pulsations and their applicability to heat 
exchange with other liquids and with 
gases. 


Notation 


S 


= inside tube diameter, ft. 


g = acceleration of gravity, ft./ 
(sec. ) (sec.) 


il 


mass velocity, Ib./(sq.ft.) (hr.) 


h,; = predicted film coefficient of 
heat transfer on jacket side, 
B.t.u./ (sq. ft.) (hr.) (° F.) 


predicted film coefficient of 
heat transfer inside tube 


= 
5 


observed film coefficient of heat 
transfer inside tube 


= 


thermal conductivity of con- 
densate at average conden- 
sate film temperature, B.t.u./ 

(sq. ft.) (hr.) (° F./ft.) 

L = length of heat-transfer tube, ft. 

t,; = average temperature of inside 

water film, ° F. 


U = over-all coefficient of heat 
tranfer, B.t.u./(sq.ft.) (hr.) 
(° F.) 
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w = weight of condensate per tu 
Ib. /hr. 


viscosity of condensate 
average conaensate film te 
perature, Ib./( ft.) (hr.) 


vy 


py = density of condensate at ave 
age condensate film tempe 
ature, Ib./(cu.ft.) 
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TAXATION, SOCIALIZATION 
AND COLLAPSE 


C. G. KIRKBRIDE 


Houdry Process Corporation, Marcus Hook, Pennsylvania 


- . » The winner of the Professional Progress Award in Chemical Engineering for 
1951 speaks out from a technical viewpoint on some problems in economics and 


merican mores .. . 


HE people of the United States to- 
day enjoy the highest standard of 
iving the world has ever known; no 
ther country has even approached us in 
his respect. To express this another 
ay, the average American is able to 
tain far more consumer goods and 
seful services than the average citizen 
f any other country. This is largely be- 
ause the average American worker is 
rovided with tools which enable him to 
roduce more consumer goods and use- 
1 services than the average worker 

f any other nation. 

The level of national employment in 

self is not a measure of living stand- 

d. In our own country, if all the tools 

production were destroyed, we would 

kept busy with our hands trying to 
oduce enough from the earth to feed 

d clothe ourselves. There would be 

»verty and starvation, but certainly no 
unemployment. On the other hand, the 
level of national employment at maxzi- 
mum production of useful goods and 
Services is an indirect measure of living 
standard. 

Our industrial growth during the past 
50 years has been great; but if present 
trends are permitted to continue, within 
the next decade a decline in the national 
production of useful goods and services 
can be expected followed by complete 
socialization and collapse of the living 
standard to a level some place between 
that in Britain and the United States 
today. As a matter of fact, our country 
already is in the transition 
socialism. 

The underlying causes for this dis- 
couraging future are twofold. First, it 
appears that our government is dedi- 
cated to a program of inflating our 
money volume at such a rate that all 
the money cannot be used to effect a 


stage to 


corresponding increase in national pro- 
ductivity. This is being done by expand- 
ing the public debt through deficit spend- 
ing. In the past decade this has re- 
sulted in a reduction of “about 47 per 
cent in the purchasing power of the 
dollar. It has had a devastating effect 
on industry because of its effect on 
depreciation reserves. When a new tool 
of production is installed, a part of the 
income from this investment is placed 
in reserve, in accordance with tradi- 
tional accounting practice. This is done 
so that the tool can be replaced when 
it is worn out. Such reserves are based 
on the original cost of the tool rather 
than the replacement cost. So, after ten 
years of continual inflation, the reserve 
is only about half enough to pay for 
replacing the old tool. This is serious, 
but there are many more ill effects of 


Cc. G. KIRKBRIDE, vice-president 

and director of Houdry Process Corp., 

gives us in the ac- 

companying article 

his awn State of the 

Union address. The 

winner of this 

year’s Professional 

Progress Award in 

Chemical Engineer- 

ing has been as- 

sociated with the 

Standard Oil Com- 

pany of Indiana, 

Pan American Re- 

fining Corp., Mag- 

nolia Petroleum 

Co., and in the field of education has 

been professor of chemical engintering 

at A. & M. College of Texas. He has 

been active on A.LCh.E. committees 

and at present is a Director with a term 

expiring in 1952. A graduate of the 

University of Michigan with an M.S. 

in chemical engineering, Kirkbride is the 

author of several papers on heat trans- 

fer, multicomponent fractionation and 
phase equilibria. 


Chemical Engineering Progress 


inflation on our economy. However, in- 
stead of discussing inflation further, my 
remarks here will be directed to the 
second underlying cause of our serious 
plight today which is the trend of grad- 
ually increasing the income tax rates. 
This trend is destroying incentive and 
siphoning off risk capital needed for 
investment in new tools of production. 

When the last source of risk capital 
has been eliminated by our lawmakers, 
private investment in new tools of pro- 
duction or, for that matter, in replace- 
ment of existing tools will be insignifi- 
cant. The worn-out tools mierely will be 
patched up and kept in operation as long 
as they can be held together, just as 
has been done in Britain. To be sure, 
their productivity will decline, which 
will result in a loss in our living stand- 
ard again as in the case of Britain. 
Even so, there is no incentive to incur 
the risk of investing in new tools if the 
increase in income will be taken by 
taxes. Under these conditions, of course, 
there will be no such thing as obsoles- 
cence, because technological develop- 
ment will have ceased. Once this situa- 
tion exists the government will be able 
easily to point to the failure of private 
enterprise to provide the living standard 
demanded by the people. Certainly the 
basic causes for failure will have been 
barriers of taxation and inflation which 
were created by the lawmakers. Even so, 
regardless of the cause, one will have 
to admit then that private enterprise has 
failed. Obviously, the stage will then 
be set for complete socialization of in- 
dustry. This is quite a discouraging pre- 
diction but it certainly will come to pass 
unless the people of this country demand 
a revision in the tax laws so that indi- 
vidual incentive is protected. 

I plant first to discuss some ac- 
complishments attained by the American 
way of life and the factors that stimu- 
lated these accomplishments. Then I 
shall review briefly the situation in 
Great Britain in an effort to point out 
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why its economy is in so sad a state 
of decay. Following that I want to reg- 
ister a warning lest we degenerate into 
a similar state of social and economic 
decay. Finally, I shall propose changes 
in our tax laws in order to avoid eco- 
nomic collapse. 


American Way of Life. America has 
had historically a high investment econ- 
omy. During the 60-year period between 
1869 and 1929 the average private ex- 
penditure for producers’ durable goods 
(tools of production) increased on the 
average of almost 4% per cent a year 
over the preceding year. In other words, 
the average amount invested each year 
in ..ols of production, measured in 1929 
dollars, increased almost 13-fold between 
1869 and 1929. This rate of increase in 
investment in tools of production has 
permitted a huge increase in the national 
production of useful goods and services 
per worker. The industrial production 
per worker in 1950 was 5.3 times that 
in 1889 even though there was a sub- 
stantial reduction in the work-week. 

Dexter M. Keezer and Associates 
(2) point out that our standard of living 
has tripled during the past century, 
while the work-week has been reduced 
almost 50 per cent. This was made 
possible only because the American 
workers have been provided with more 
and better tools which have resulted in 
greater and more efficient production 
with less effort on the part of the work- 
ers. Each worker uses 30 times as much 
mechanical energy as he did a century 
ago. The investment in tools of produc- 
tion and the availability of cheap power 
have permitted a 17-fold increase in the 
nation’s production during the past cen- 
tury. 


Technological Development 


The rapid growth in agricultural as 
well as industrial productivity has been 
a result of technological development. 
Research and development played a ma- 
jor role in creating new tools of pro- 
duction. In particular, the creation of 
entirely new industries has provided 
such a demand for labor that labor-sav- 
ing devices could be adopted in prac- 
tically all industries without causing un- 
employment. This is a dynamic economy 
when new enterprises, new industries or 
expansions in existing establishments 
are being brought about so that more 
and more labor is required. Only in a 
dynamic economy can labor-saving tools 
of production be installed without creat- 
ing unemployment. In a static economy 
there is nothing new being industrialized 
to absorb labor. The resultant state of 
unemployment has been one of the many 
serious problems in Britain. 


Research and development are crea- 
tors of new frontiers in industry which 
demand more and more labor. Prior to 
World War I, lone inventors were quite 
common. They were successful in 
creating new enterprises many of which 
have grown into giant industries. At 
that time the application of scientific 
knowledge to the production of useful 
goods and services had not been ex- 
ploited significantly. Therefore, it was 
possible for a lone inventor, who had 
a broad grasp of scientific information, 
to apply this knowledge for the benefit 
of society. This was what one might 
call scratching the surface of science. 
It was not too costly to attain outstand- 
ing results. However, after the turn 
of the century it became more and more 
difficult for a lone inventor to succeed 
because the surface of science had been 
scratched so thoroughly that it really 
was quite well polished. 

Organized research and development 
began to grow rapidly after World War 
I. Instead of lone inventors, teams of in- 
ventors worked together. By this pro- 
cedure it was possible to drill beneath 
the surface of science by the application 
of scientific theory as the guiding light. 
It was more costly than in the case of 
the lone inventor because more expen- 
sive personnel and scientific instruments 
were needed in the unfolding of science 
below the surface. Furthermore, the 
deeper research teams go, the more 
costly it is. Even so, organized research 
has paid off to those who have been 
willing to risk investment of their sav- 
ings. 


Twenty Years of Research 


There was a five-fold increase in pri- 
vate industrial research and develop- 
ment between 1930 and 1950. Many new 
industries have been created which de- 
mand more labor. Furthermore, the 
possibilities are unlimited for research 
and development to increase living 
standards beyond anything imaginable 
today. As an example of what can be 
done, the Du Pont Co. has stated that 
60 per cent of its sales in 1950 came 
from products which were unknown or 
in the research and development stage 
in 1940. It is expected in 1960 that its 
sales will come from products 60 per 
cent of which were unknown or were 
in the research and development stage 
last year. No doubt this expectation is 
predicated upon the hope that tax laws 
will not prevent such expansion. 

The miraculous rise in our standard 
of living was accomplished under an 
economic system which the economists 
have called “Capitalism.” There are 
many variations of capitalistic systems, 
however, so this name does not ade- 
quately describe the American way of 


life; our system of capitalism has been 
quite different from the British system 
of capitalism. Ours is an incentive sys- 
tem that stimulates i itiative only in a 
competitive atmosphere of individual 
freedom. 

Under this system, technological de- 
velopment has flourished. Nevertheless, 
the industrial growth that provided our 
present high standard of living would 
never have taken place had it not been 
for the fact that people had saved and 
were willing to risk their savings on 
investments in new tools of production. 
Risk capital is therefore equally essen- 
tial as technological development. In 
addition to these two elements there 
must be an incentive to invest risk capi- 
tal in a new hazardous enterprise. There 
must be a reward for success which 
justifies the risk. Investment in new 
tools of production comes only out of 
savings, (that part of production whic 
is not consumed). The incentive to di 
vert savings into this channel is that th 
production of consumer goods can be in 
creased during the period of the lif 
of the new tool. Unless this tool can 
used successfully for its intended pur: 
pose over a long enough period of tim 
it will not produce sufficient consume 
goods to pay for itself. Thus, invest 
ments in tools of production involv 
risk, because plans do not always mater 
ialize as anticipated. Nevertheless, 
progressive economy entails the risk o 
trying new methods. The more progres 
sive the economy is, the more the ris 
involved in a given investment becaus 
the greater the chances will be that 
better method will be found at an earl 
date to make the existing method obso 
lete. A _ socialistic economy canno 
eliminate risk without eliminating pro- 
gress because security and progress di 
not go hand in hand. There is a sharp 
distinction between security and a feel- 
ing of security. The very life of our 
economy is dependent upon technolog- 
ical development, risk capital, and incen- 
tive. Competition is the life blood which 
maintains the economic health. 


A Look at Britain. In years gone by 
it was not possible to refute arguments 
in support of socialism as opposed to 
the American way of life except by re- 
sort to economic theory. Today, how- 
ever, this is no longer necessary because 
Britain affords an excellent direct com- 
parison. Lest there be the misconception 
that the Tory government of Britain is 
not socialistic here is a comment from 
the London Economist of April 26, 
1947: 


The fact is that British industrial- 
ists, under the deliberate leadership of 
the Tory Party in its Baldwin-Cham- 
berlin era, have become distinguishable 
from the British Socialists only by the 
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fact that they still believe in private 
profits. Both believe in “organizing” 
industry; both believe in protecting 1t, 
when organized, against any competi- 
tion, either from foreigners or from 
native newcomers; both believe in 
standard prices for what they sell; 
both unite in condemning competition, 
the one as “wasteful” the other as 
“destructive.” If free, competitive, 
private-enterprise capitalism is to con- 
tinue to exist, not throughout the na- 
tional economy, but in any part of it, 
then it needs rescuing from the capital- 
ists fully as much as from the Social- 
ists. 


Quotations by the Tory Party con 
firm this official conclusion by the Econ- 
omist. Therefore the period of social- 
istic practice in Britain includes periods 
during which the Tory Party as well as 
the Labor Party was in power. Conse- 
quently it would be well to look at the 
situation in England today and retrace 
the history of evolution of its present 
economy. Possibly in putting our finger 
on their mistakes we can avoid such in 
our own economy. Before proceeding, 

owever, it should be emphasized that 
ny Statements are not intended, in any 

y, to be a criticism of the British 

ople. This discussion of the British 

conomy is intended to be completely 
bjective. Also, in order to avoid any 
mpression of prejudice, these remarks 

1 Britain have been drawn from 


ritish writers with the cne exception 


f a résumé of conclusions by the 
rench economist André Siegfried. 
Recently, Sir Ewart Smith (8) pre- 
nted a comparison of the annual in- 
strial production per worker. in 
ritain with that in the United States. 
1889 the industrial production per 
orker was about the same in each 
untry. Each year since thén industrial 
oduction per worker in Britain has in- 
eased on the average of only about 
lf the rate of increase in the United 
States. Consequently, because of this 
difference the average annual industrial 
production per worker in the United 
States in 1950 was about 2% times that 
in Britain. 

Also another British investigator, L. 
Rostas (6) presented a comparison of 
industrial production in Britain in 1935 
with that in the United States in 1937. 
He concluded that the physical produc- 
tion in the United States per worker 
averaged about 2.3 times that in Britain 
which is in excellent agreement with 
Sir Ewart. Since the average work 
week in Britain in 1935 was about 22 
per cent longer than that in the United 
States in 1937, our productivity per man- 
hour was more than 2.8 times that in 
Britain. A comparison of a few spe- 
cific industries shows that the ratio 
of the production per worker in the 
United States to that in Britain was 
4 to 1 in the iron and steel industry; 
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4.19 to 1 in the motor car industry; 
4.82 to 1 in manufacturing radio sets; 
2.66 to 1 in the manufacture of rubber 
tires; 1.60 to 1 in wheat milling, and 
1.3 to 1 in cotton weaving. 

In addition to the studies by Smith 
and Rostas, there are reports of a num- 
ber of investigating committees which 
were appointed by the British: Labor 
government. 


Tools and Production 


The economist, George Terborgh (3) 
presented a digest in 1948 of 11 reports 
of the working parties, as well as of two 
reports of special investigations of the 
British coal industry. In addition to 
showing differences in productivity per 
worker of the same order of magnitude 
as shown by Smith and Rostas, the 
working party reports conclude that 
the cause of these differences is due to 
inferior tools of production in Britain 
compared with those in the United 
States. 

It is not surprising that the tools of 
production in Britain are inferior to 
those in the United States when in 
many cases replacement of worn-out and 
obsolete tools ceased around the turn 
of the century. A survey in 1930 of the 
cotton textile industry showed that, 
with the exception of only two opera- 
tions, between 55 per cent and 77 per 
cent of the equipment was installed 
prior to 1910. Furthermore, the report 
by the working party stated that since 
1930 there has been little replacement 
in equipment and only five new spin- 
ning mills erected in the 25-year period 
prior to its reports. In America 70 
per cent of the looms are automatic 
compared with 6 per cent in Britain. 
Buildings in all industries were often 
more than a century old but even the 
later ones were poorly arranged. 

There is no question but that the dif- 
ferences in productivity per worker in 
Britain and the United States is primar- 
ily a result of the difference in extent 
and efficiency of the respective tools of 
production. Curiously enough, however, 
this is known by the British, and for 
that matter the thinking people of Brit- 
ain knew it even before the turn of 
the century. The literature has been 
full of warnings since 1886. The report 
of the Commission of Enquiry Into the 
Economic Depression of 1886 left no 
doubt about it. It states, “We are no 
longer alone. More active rivals with 
better equipment are springing up and 
leaving us behind.” The Blue Books 
since then have repeatedly given the 
same grave warnings. Along the same 
line the London Economist of Aug. 4, 
1945, states: “The public has in recent 
months waked up to the fact that the 
whole wealth-creating mechanism of the 
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British community is badly in need of 
a drastic overhaul.” 

It is apparent therefore that the im- 
portant cause of the difference in living 
standards between Britain and the 
United States is a result of technolog- 
ical stagnation in Britain. But why 
should this have happened in Britain? 
From the time in 1774 when Watt and 
Boulton began to manufacture steam 
engines the British standard of living 
increased rapidly but leveled off after 
about 1870. The Victorian era was the 
zenith of prosperity and power in Brit- 
ain. It was founded on utilizing the 
steam engine. The keystone industries 
were coal, iron and steel, and textiles. 
These were established by technological 
development. 

But again why? Why should the Brit- 
ish economy fail when it was doing so 
well up to the turn of the century? I 
am convinced that the basic reason for 
her (Britain's) failure is an unsound 
attitude or philosophy caused by a lack 
of competition and individual incentive. 
The symptoms of her disease were mani- 
festing themselves during the height of 
prosperity between 1860 and 1870. Then 
between 1870 and 1900 the symptoms 
became more apparent. Those symptoms 
today are open sores. Furthermore, this 
writer believes that the disease can be 
cured only by a radical change in atti- 
tude. Pouring billions of American tax 
payers’ dollars into Britain certainly is 
not the cure. It would be well to review 
this because I think that today in the 
United States we have many symptoms 
that were apparent in Britain at the turn 
of the century. An important difference 
however is that the disease in America 
appears to be developing somewhat 
faster than it did in Britain. 

According to the French economist 
André Siegfried (7), British industry 
had essentially no competition prior to 
about 1860. Her mines enjoyed a quasi- 
monopoly and as long as coal was the 
only industrial fuel her industry was 
unrivaled. During this period an atti- 
tude developed within Britain toward 
internal competition. There was no need 
for British industries to compete among 
themselves. The world was their market 
and they had no competitors outside of 
Britain. The pie was plenty big enough, 
so why not agree to cut it up and sit 
down and eat it like true English gentle- 
men? It was at that time that cartels 
were born. There was a gentleman's 
agreement between management, labor, 
and government to prevent competition 
within Britain. If anyone got a bright 
idea on reducing manufacturing costs 
and then reducing prices in order to get 
business he was usually liquidated either 
by government or labor. There was no 
anti-trust law in Britain and further- 
more there is none today. 
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During this period of British mono- 
poly, management developed inertia and 
complacency. There was really no in- 
centive to replace old equipment because 
the margin of profit was so great that 
new equipment would make little differ- 
ence, and besides it would cost money. 


Vital Role of Coal 


In 1896 Stanley Jevons (1) predicted 
that the situation today in Britain would 
come to pass. He attributed Britain’s 
position to its monopoly on coal mining. 
He pointed out that coal is capital and 
it was not being replaced. As the coal 
mines became depleted he visualized 
that the cost of coal would increase until 
a point would be reached at which manu- 
tacturing would not be economical. Be- 
cause of this he said Britain would lose 
her monopoly which would bring on 
unemployment and industrial decay. 

The coal supply was not exhausted, 
but the monopoly was lost because Brit- 
ish industry did not replace its worn- 
out and obsolete tools of production. 
Britain should have made an effort at 
the time of Stanley Jesons’ warning in 
1896 to improve her situation. But she 
rested on her laurels and all that the 
monopoly entailed. 

Siegfried stated that Britain really be- 
lieved that she was competing interna- 
tionally under free trade. However, she 
did not encounter a dangerous rival until 
she met the Germany of Kaiser William 
II. She had developed an over-confi- 
dence to such an extent that all foreign- 
ers were second raters living on a plane 
below her. As a result, the qualities 
of energy and determination commonly 
attributed to the British were lost from 
business in England. The inherited hab- 
its of wealth and power resulted in an 
aristocratic manner, together with a 
belief in the divine right of the British. 

At the close of the 19th century a new 
generation was born with ideas of abun- 
dance and glory. They became accus- 
tomed to easy money for they believed 
that success was their due. They devel- 
oped habits of the statutory minimum 
for work and the statutory maximum 
for pleasure and leisure. Out of these 
defects came a philosophy of life— 
original, charming, and comfortable. 
Why should one strain himself in crude 
economic pursuit when overwork used 
up his strength and sapped his vitality? 
So they looked for results without ef- 
fort—something for nothing if you 
please—and then came to consider it 
unfair competition when faced with 
those who denied themselves in order 
to succeed. 

Also because of the lack of competi- 
tion and financial incentive, applied re- 
search and development did not flourish 
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in Britain. A vicious cycle develops 
with technological stagnation—no new 
tools of production are being purchased, 
which leads to a cessation of ap- 
plied research and development and this 
in turn leads to the conclusion that the 
tools of production in use are as good 
as the ones available. Britain has been 
a big contributor in fundamental re- 
search but she has devoted insufficient 
attention to applied research and devel- 
opment. It appears that they spend only 
about 10 per cent of the amount we 
spend on private industrial research and 
development. 

Of course, labor-saving devices and 
labor-saving processes were resisted by 
labor. But surprisingly as it may seem, 
they were also resisted by management 
because such developments resulted in 
the necessity of greater investment in 
tools of production. When the margin 
of profit is large, as it can be under a 
monopoly, there is little if any incentive 
to risk investment in new tools of pro- 
duction. 

Of course, it is easily understood why 
labor would resist labor-saving devices 
under the circumstances. The British 
economy since before 1870 has been 
little more than static. Under such con- 
ditions labor-saving devices would throw 
labor out of work. The cure for this 
is to expand applied research and de- 
velopment to bring forth new enter- 
prises and new industries. These would 
absorb labor at such a rate that labor- 
saving devices would be required to 
permit the expansion of the new enter- 
prises and new industries. However, a 
backward management is rarely inter- 
ested in applied research and develop- 
ment. 

Another reason why so little applied 
research and development has been done 
in Britain is the small number of those 
trained in engineering or applied sci- 
ence. Sir Ewart (7) concluded that 
this is the fundamental cause for 
the differences in productivity and living 
standards of Britain and the United 
States. The number of engineers per 
unit popyJation produced each year in 
the United States is about four times 
that in Britain. He states: 


It is the writer's belief that our infer- 
jority in this respect has not only 
slowed up the rate and efficiency with 
which scientific and technological 
knowledge is now being applied 
throughout industry in this country, 
but has also led to a lower over-all 
standard of scientific approach and un- 
derstanding in the whole field of man- 
agement — industrial, economic, and 
political—as affecting industrial affairs 


He also pointed out that for any given 
level of human energy and ability, the 
rate at which productivity will increase 
depends primarily upon the evolution 
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and application of new technical knowl- 
edge. Also it follows logically that the 
availability of engineers will play a 
major role in determining the rate of 
increase of the productivity and living 
standard of Britain, or the United States 
for that matter. Even so, this develops 
into a vicious cycle—a backward man- 
agement will not employ engineers, 
which leads to students not selecting an 
engineering curriculum, and this leads 
to too few engineers to guide the back- 
ward management, and finally to take 
on managerial duties. 

The little incentive existing in Britain 
was thoroughly debilitated about a quar- 
ter of a century ago by high progressive 
tax rates on personal incomes and an 
excessive tax rate on corporate incomes. 
This was important toward finishing 
the job of wrecking the British economy 
but the job was well along before the 
tax blow was delivered. 


Beware of Destruction of Incenti 
System. Britain today is faced with 
highly advanced case of technologi 
stagnation and there is a great deal 
similarity between the symptoms of t 
disease in Britain as manifested 
tween 1870 and 1914 and in the Unit 
States today. Over-cenfidence, 
thing for nothing, success their 
habit of extending leisure time, compla 
ency toward cold facts, and a man 
for secu.ity are evident in the Unit 
States today just as they were in Brita 
between 1870 and 1914. Jt is a disea 
caused by lack of individual incentiv 
Normally people do not want somethi 
for nothing. They really want to 
useful. 

Social decay and economic stagnai 
tion are slow reactions. There may | 
several generations between the cau 
and the effect although at the rate w 
are going | doubt if it will be more tha 
10 to 15 years before the disease of tech 
nological stagnation forces this country 
into socialism and economic decay. The 
causes for the disease in the United 
States are different from those in Brit- 
ain but the result will be the same. 
Unless individual financial incentive to 
produce more is protected and encour- 
aged we too will have technological 
stagnation followed by socialization and 
collapse of our living standard. Even 
now, our industries are not up to date 
with the level of advancement in tech- 
nological development. George Ter- 
borgh (9%) states, “This country too has 
its quota of mechanical zombies.” This 
situation can be expected to be more 
pronounced as our lawmakers pursue 
the present course of taxation and infla- 
tion. 

The system of progressive taxation of 
personal incomes as applied today in- 
volves increasing the percentage tax on 
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income as income increases. Therefore, 
as applied today, progressive taxation is 
based on “ability to pay.” It is argued 
by certain advisers to our lawmakers, 
that as long as any group of individuals 
has left, after taxes, more than another 
group, its capacity to pay has not been 
exhausted by taxation. This principle 
implies leveling off of income after 
taxes to the point necessary to collect 
the taxes needed by the government. 
rhe principle of taxing in proportion 
to the income received under the protec- 
tion of the state was advocated by Adam 
Smith but as progressive taxation is ap- 
plied today it is really a progressive 
1ate of taxation. This is truly a social- 
istic philosophy which destroys incentive 
to excel or to produce more. It is better 
to take life easy, under such circum- 
stances, because additional production 
would be taken as taxes. 
rhe principle of “ability to pay” not 
only eliminates incentive but also the 
personal savings which would otherwise 
be possible. In the past, these personal 
savings have been an important source 
of risk capital. Many new hazardous 
enterprises which have developed into 
large industries are therefore not being 
initiated because of the lack of both 
financial incentive and risk capital. The 
full impact of this will not show up for 
erhaps 10 to 15 years. 
According to Roswel Magill (4), the 
ost of government has become so great 
at in order to obtain an additional 
0 billion dollars over and above the 
ax burden today it would require a 
00 per cent tax rate on all taxable in 
mes of more than $4,000 a year. Addi-* 
onal taxes will, therefore, have to be 
tained from lower income brackets. 
s the situation existed in 1948 (4), a 
an with a wife and one child having 
income of $3,500 a vear had to 
y on the average $233 income tax; 
it he also paid $675 in hidden taxes. 
There is no such thing as something 
for nothing. The entire tax burden must 
be supported by the consumer. The 
progressive tax have leveled off 
incomes but the differences in consump- 
tion between low and high income brack- 
ets have not been changed significantly. 
Hence, the tax burden is really distrib- 
uted over all income brackets because 
of the hidden taxes 


laws 


Corporate Income Tax and U. S. 
Economy 


The policies of our lawmakers with 
regard to corporate income tax rates 
is even more detrimental to our economy. 
During 1913-35 the tax rate increased 
from 1 per cent to 13.75 per cent. Then 
it was increased to 19 per cent in 1938 
and 40 per cent plus an excess profits 
tax during the last war. In 1946 it was 
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reduced to 38 per cent but in 1950 it was 
increased to 45 per cent plus an excess 
profits tax which might increase the 
rate to 62 per cent. In 1951 the tax 
rate was increased to 52 per cent plus 
an excess profits tax that may increase 
the rate to 70 per cent. It is apparent 
that the lawmakers are following a 
policy of increasing the corporate tax 
rate over the period of years. Based 
on the performance to date there is no 
reason to believe that they will not con- 
tinue this trend. 

It may be argued that the period of the 

ast 15 years has been one of great 
expansion in industry. Hence, the high 
tax rates have not seemed to hinder 
progress. The fact however, that 
this was also the period of the greatest 
expansion in private industrial research 
and development ; and despite these rates 
our research and development were able 
to bring about progress. Nevertheless, 
the load now is so great that it is be- 
coming increasingly difficult to develop 
new tools of production that can be 
justified economically. 

The question may be asked, “Why are 
our lawmakers following this unsound 
tax policy?” The answer is that they 
are being advised by certain theoretical 
economists who are proponents of the 
“purchasing power” and “mature econ- 
omy” theories. Each Federal bureau has 
its quota of these proponents. Also, a 
number of them openly advocate an 
authoritarian-type government such as 
socialism. 

Folfowing the stock market crash in 
1929, investment in tools of production 
dried up and remained so for several 
years. These economists concluded that 
the United States had reached a mature 
economy; and that in the future little 
investment in tools of production would 
be required to maintain the fully devel- 
oped industrial plants at optimum pro- 
ductivity. They felt that no new large 
industries could be expected to advance 
the economy in the future. Apparently 
these economists have never heard of 
the United States Commissioner of Pat- 
ents who committed suicide in 1839 be- 
cause all important inventions had been 
made. 

These economists sold our lawmakers 
in the 1930's on the following pro- 
gram (5): 


1s, 


To tax savings out of existence by 
high corporate income tax rates 
and by high progressive taxes on 
personal incomes. 


To stimulate consumer demand by dis- 
tribution of the revenue from taxes 
to increase consumer purchasing 
power. This would create a “high 
consumtion” as opposed to a “high 
investment” economy. 
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Keezer and Associates (2) point out 
quite vividly that the United States did 
not return to full employment until war 
production brought it about in 1942. 
An important reason for this was that 
as the Federal government pumped con- 
sumer purchasing power into the econ- 
omy, it simultaneously destroyed confi- 
dence in the future which discouraged 
private investment in tools of produc- 
tion. Also, the tax policies reduced the 
incentive to risk investing in new tools 
of production. Since about one third of 
the industrial workers of the nation are 
employed in the capital goods industries 
which produce the tools of production, 
the pump-priming episodes prior to 1942 
did not put a high percentage of these 
people to work. As Keezer empha- 
sizes, the United States has enjoyed 
prosperity only during periods of high 
investment. 

As pointed out earlier, the effect of 
our present Federal tax policies is the 
destruction of incentive and the elimina- 
tion of risk capital. Recently, this writer 
had occasion to present an engineering 
economics study to a group of executives 
of a large oil company. This study in- 
volved the installation in its refinery 
of two new processes which we had 
under development in our laboratories. 
The total investment was about $15,- 
000,000 On a tax-free basis the invest- 
ment would pay fo. itself in about two 
years. Hence, this is not too great a 
risk if the invested money could be 
returned in two years. However, this 
oil company is operating in the “pseudo” 
excess-profits bracket which would result 
in 82 per cent of each dollar of profits 
from the new investment being taken 
by income taxes. Therefore, instead of 
the proposed investment paying for it- 
self in two years it would require more 
than 11 years. This places the proposal 
in an entirely different light. The risk 
is too great because of the possibilities 
that a better process might be developed 
within the next three or four years that 
would make the proposed process obso- 
lete. There would be little hope for 
profit in such a proposed investment. 
Furthermore, the chances are good that 
a large part of the money invested might 
be lost. 

This situation places a tremendous 
barrier in the path of progress of re- 
search and development. A _ research 
and development organization must be 
a bunch of magicians to overcome so 
serious a handicap as imposed by our 
income tax laws. It becomes more and 
more difficult to create something new 
which can pay for itself in a sufficiently 
short time so that risk is within reason. 

Our corporate income tax policies are 
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preventing many new tools of produc- 
tion now in research and development 
laboratories from being commercialized. 
The tax collectors, as well as labor are 
actually losing because of the short- 
sighted policies in a tax structure that 
discourage private investments in these 
new ventures. If the tax structure were 
not a barrier to the commercialization 
of these new tools of production, there 
would be many new industries created 
which would provide unlimited oppor- 
tunities for labor. 

Unless our tax structure is changed 
radically, the time will come—and 
soon—when very little research and 
development can be justified. Were it 
not for the hope that our lawmakers 
will soon recognize their errors and 
correct the adverse features of the tax 
structure our industrial research and 
development budgets would be only a 
small fraction of their size today. The 
incentive for research and development 
and the competition between private re- 
search and development organizations 
must not be hindered in any way. Ours 
is a technological economy and nothing 
should be permitted to discourage its 
progress. 

Limitations on rates of amortization 
or depreciation imposed by the Depart- 
ment of Internal Revenue is probably the 
most destructive of the adverse features 
of our tax structure. The over-all 
weighted average of the amortization 
rates permitted by the government on 
fixed assets of American corporations 
is less than 3 per cent a year which 
implies an average service life of more 
than 33 vears. The average amortiza- 
tion rate for manufacturing corporations 
alone is 3.7 per cent or an implied aver- 
age service life of 27 years. This means 
that the money invested in these fixed 
assets cannot be returned until the im- 
plied service life is completed. This is 
most discouraging to investors because 
obsolescence is a danger which such 
rates do not consider. 

Obsolescence depends on how success- 
ful our competitors are, or for that mat- 
ter how successful we are, in applied 
research and development. The more 
emphasis there is in the field of research 
and development the more probable it 
is that a new and better tool of produc- 
tion will be commercialized at an early 
date with which the existing tool can- 
not compete successfully. When this 
happens, we are forced by competition 
or by the incentive for greater profits 
to replace the existing investment with 
the new tool of production. The useful 
life of the old tool will have come to 
an abrupt end at that time. 

The only purpose of investing in a 
tool of production is that it can be used 
successfully to produce consumer goods 
or useful services. Other than that it 
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has little value. Therefore, from a prac- 
tical standpoint no profit has been made 
on any tool of production until the tool 
has produced suffigjent consumer goods 
or useful services to pay for itself. 
To express this another way, the total 
net profit, after taxes but before any 
allowance for depreciation, from a tool 
of production must exceed the invest- 
ment cost for this tool before the man- 
agement can say definitely that it has 
made a profit from this investment. 
Obsolescence might occur before the in- 
vestment has been fully amortized. 

I realize fully that this concept is 
opposed to the conventional accounting 
procedure. But the conventional pro- 
cedure of estimating the useful life of a 
tool of production and amortizing the 
investment over this life-period has sev 
eral serious weaknesses. This procedure 
was established more than a century ago 
when there was little emphasis on re- 
search and development. Therefore, it 
does not consider obsolescence properly. 
It does not take into account adequately 
the replacement cost of the tool as af- 
fected by inflation. It confuses capital 
and profit. 

The procedure of amortizing a tool 
of production over its estimated life is 
anything but conservative because of 
the uncertainty with regard to obsoles- 
cence. Of course, one purpose of this 
historical accounting method is to mini- 
mize unaccounted for assets which re- 
sult after fully amortizing a tool of pro- 
duction that still has useful life. Never- 
theless, this could be handled bv a pro- 
cedure which does not confuse capital 
and profits. 

At least part of any profit shown from 
a tool of production is artificial until 
the tool is completely amortized. The 
amount on the hooks that is not amor- 
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tized is capital. Therefore, the total 
profit attributed to this tool of produc- 
tion is erroneously on the high side by 
the amount on the books that is not 
amortized. This amount of profit can 
be shown only because a capital asset is 
claimed which would not be at all valid 
if obsolescence occurred before the end 
of the estimated useful life. 

Whether or not investment should 
be made in a new tool of production 
is determined by engineering economics 
almost always on the basis of how soon 
the tool will pay for itself with the 
expected profit. The limitations on the 
time for paying off the investment will 
depend on the purpose of the ‘ool the 
availability of risk capital, business pros- 
pects, possibilities of obsolescence, and 
other factors. 

However, once an investment is made, 
the engineering economics for operating 
the tool of production must be base@ 
on cost exclusive of the original inv a 
ment cost. This is forced by compet! 
tion. Regardless of how much of t 
original estimated life is left, or t 
depreciation charges, these costs ha 
no influence on the situation in meeti 
competition because the fixed costs w 
go on whether the tool of production 
operated or not. It is the incremen 
or variable costs which dictaie the ec 
nomic conclusions under such conditio' 
Therefore, because of the possibiiiti 
of obsolesence, the investment risk 
reduced to the miniinum by amortizi 
the investment in a tool of productic 
as soon as possible. 

Therefore from the standpoint 
fairness, as well as protection of ince 
tive, no limitations whatever should 
imposed by the Federal government 
rates of amortization and my thesis 
that the Federal government is indul 
ing in an unsound practice by dictatir 
such limitations. 

Because of the great uncertainty wi 
regard to obsolescence in a dynami 
economy in which so much research and 
development are being done, each man- 
agement should have the freedom of 
establishing the rate at which its invest- 
ment should be amortized. Each man- 
agement is in a far better position to 
appraise the risks it is taking; and since 
each is responsible for the investment 
of its corporate funds, management 
should have the freedom of setting the 
rates of amortization. 

Of course, the reason the government 
does this is so it can participate in the 
fictitious profits which in realitv have 
not been made. If the government col- 
lected more taxes from a given invest- 
ment by this procedure one could under- 
stand why it is so avid in grabbing 
taxes on profits before the profits are 
made, even though the concept is un- 
sound from the viewpoint of engineer- 


Page 49 


— 
| 7 
ad 
j 
4 
5 
i 


ing economics. The facts are, however, 
that it will collect the same amount of 
taxes during its dictated period of amor- 
tization because only 100 per cent of the 
investment cost is amortized or depre- 
ciated. 
This can be shown by a simple exam- 
An enterprise makes an investment 
of $10,000,000 in a new tool of pro- 
duction. The income from this before 
taxes and depreciation is $4,000,000 a 
year. The Department of Internal Reve- 
nue will allow a depreciation rate of only 
10 per cent a year and for the sake of 
simplicity one can assume that 50 cents 
of each dollar of net profits, after al- 
lowance for depreciation, is taken as 
taxes. On this basis the amount of 
taxes paid during the ten-year depre- 
ciation period, as dictated by the gov- 
ernment, would be $1,500,000 a year 
r a total of $15,000,000 for the entire 
0-year period. The investors would 
et their money back in four years be- 
ause of the $1,000,000 a year allow- 
nce for depreciation plus the $1,500,- 
0 of artificial profits after taxes. 


ple 


Now assume that a sound engineering 

rocedure is permited by the govern- 
ent so that no profits are shown until 

» investment cost is paid. In this case, 

e investment will pay for itself in 

o and a half years during which time 

) artificial profits are shown and no 

xes are paid. Real profits show up 

ter this at $4,000,000 a year and the 
xes paid are $2,000,000 a vear com- 
red with $1,500,000 a year in the 
evious case. There remains seven 

1 a half years on our original ten- 

ar basis and it is evident that at 

000,000 a year the total tax paid 

$15,000,000 or exactly the same as 

en the government imposed an un- 
and procedure of depreciation. The 
ly differences were that the people 

0 invested the original $10,000,000 
“got it back in two and a half years 
instead of four years: the government 
waited two and a half years before it 
began to collect the $15,000,000 in taxes: 
and no profit was shown for two and 
a half years. Certainly this is not too 
much consideration to give people as 
an inducement to risk their $10,000,000 
mn the investment. In all fairness there 
should be no profits or taxes before 
the investment pays for itself. 

In addition to the destruction of in- 
centive by our corporate mcome tax 
laws, our lawmakers already have re- 
duced individual incentive to a low 
level by the progressive personal income 
tax laws. Also, not only the incentive 
has been debilitated but also this source 
of risk capital has been thoroughly un- 
dermined. In years gone by one of the 
most important sources of risk capital 
for investment in common stocks was 
from savings of people with incomes of 
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$5,000 a year and more. However, this 
source has been almost dried up by the 
personal income tax laws. That amount 
of saving which is left is invested in 
secure ventures such as insurance, an- 
nuities, and savings accounts. The rea- 
son for this is that there is little finan- 
cial incentive to take the chance of in- 
creasing one’s income by investing in 
a risky proposition if any increase in 
income would be taken largely as taxes. 

The objective for a sound economic 
policy is full employment at maximum 
productivity of useful goods and ser- 
vices. To attain this we must protect 
and encourage individual incentives. 
Vigorous competition must be main- 
tained because this is the stimulus to 
incentive. Our tax laws are well along 
toward eliminating the incentive from 
our economic system, They are in need 
of a complete overhauling before we 
get too far into technological stagnation. 
Once this disease gets a hold on our 
country it would take generations to 
overcome the unsound attitudes. On the 
other hand, the basic attitudes and phil- 
osophies required for a healthy incen- 
tive system can be ‘destroyed within a 
generation. 


Proposed Policies 


First Change: Immediate elimination 
in our tax structure of all limitations 
on the rate at which investments in tools 
of production are amortized or depre- 
ciated. This would not affect the total 
taxes paid. It merely shows a little con- 
sideration to those who invest in tools 
of production by letting them get their 
money back before the avid grab for 
taxes and profits is effected. 


Second Change: The sorely needed 
scrapping of the corporate income tax. 
It is unsound to set up a tax barrier that 
tends in any way to discourage invest- 
ment in new tools of production. This 
tax is a form of poison which reacts 
to kill incentive. Small doses can be 
administered without ill effects showing 
up immediately. However, it is not a 
sound principle to administer small doses 
of poison just because the patient will 
not die. We need the highest level of 
health that can be had. 


Third Change: Elimination of the 
progressive features of the personal 
income tax laws. This is vicious in 
killing incentive as well as siphoning off 
risk capital needed to finance new haz- 
ardous enterprises. 


Fourth Change: Initiation of a sales 
tax in place of the income tax for rais- 
ing Federal revenue; this to be carried 
out simultaneously with the first three 
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steps. The advantage of this is that 
hidden taxes would be reduced to a 
nominal amount. Each person then 
would know how much taxes he is pay- 
ing and whether he feels he is getting 
value for his taxes. The average family 
of three in 1948 with an annual income 
of $3,500 did not realize that 19.3 per 
cent of its income was paid out for hid- 
den taxes. It knew only that 6.7 per 
cent was paid for income taxes. Bring- 
ing taxes out into the open would place 
a check on the government which un- 
doubtedly would result in less waste of 
the tax payers’ money. Furthermore, the 
sales tax would not destroy incentive to 
produce more consumer goods and useful 
services. 

In closing, the following paragraph is 
quoted from the book, “Making Capital- 
ism Work,” (2); the word “incentive” 
has been substituted for the word “cap- 
italistic” and the phrase “the incentive 
system” for the word “capitalism.” 


—Americans will live far better under 
a thriving incentive system than under any 
possible scheme of state socialism. By its 
very nature, socialism tends to slow down 
industrial progress. Its emphasis is on se- 
curity and equality in the distribution of 
income rather than on a drive to create 
income. The incentive system, if allowed to 
operate smoothly, calls forth a maximum 
degree of individual initiative, thus pro- 
moting a rapid advance of living standards. 
In a word, the welfare state as thus far 
developed, concentrates on dividing up the 
pie more equally, rather than enlarging the 
pie. The incentive system operates to make 
the pie grow bigger. By producing more 
products and getting them distributed more 
broadly and more steadily, private enter- 
prise under the incentive system can con- 
tribute a greater measure of welfare than 
any other system yet devised. 
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EDITOR’S NOTE 

This is our first attempt to 
classify Ph.D. theses in chemical 
engineering. In an effort to make 
this list serviceable to you we 
have grouped under main head- 
ings. Since this was done en- 
tirely from titles, some classifica- 
tions may not be correct. As an 
example: A study on the kinetics 
of ion exchange could be listed 
under “Kinetics,” or “Ion Ex- 
change.” Another example: it was 
sometimes difficult to decide 
whether a title should fall under 
the heading of heat transfer or 
mass transfer if both phenomena 
seemed to be under investigation. 
Hence, the suggestion is made 
that in following a specific subject 
more than one possibility be 
checked. 

Comments on the value of this 
listing are welcome and are so- 
licited by the Editor. 
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Institute of Brooklyn, 187 pp. 1 copy avail- 
able. 


“SYNTHESIS OF MELAMINE.” 

H. V. Grubb—June, 1951 

Proressor H. C. Lewis, Georgia Insti- 
tute of Technology, 72 pp. 2 copies avail- 
able and abstract 


“WALLBOARD—BY DRY PROC- 
ESS WITHOUT THE USE OF 
RESINS.”—L. G. Ricciardi—June, 1951. 

Proressor D. F. Ornmer, Polytechnic 
Institute of Brooklyn, 191 pp. None avail- 
able. Work continuing. 


COMBUSTION 
“THE APPLICATION OF NEAR 


Hugh N. Powell—June, 1951. 
Proressor Kurt Wont, University of 
elaware, 68 pp. 1 copy and abstract avail- 
ble. $0.04 per Ozalid page. Work continu- 
2. 


“COMBUSTION OF PULVER- 
IZED FUEL.” —Bimalendu Ghosh — 
June, 1951. 

Proressor A, A. 
stitute of Technology, 143 pp 
able. Work continuing 


Carnegie In- 
1 copy avail- 


AND STRUCTURE 
OF HIGH VELOCITY FLAMES.”-- 
Carl W. Weil—June, 1951. 


“STABILITY 


Proressor Kurt Wont, University of 
Delaware, 68 pp. 1 copy and abstract avail- 
able. $0.04 per Ozalid page. Work continu- 
ing. 


CORROSION 


“PASSIVITY OF TITANIUM 
WITH SPECIAL REFERENCE 
TO HYDROCHLORIC ACID SOLU- 
TIONS.”—David Schlain—May, 1951. 

Proressor Jos. S. Smarko, University of 
Maryland, 110 pp. 1 copy available. Li- 
brary of Congress photostats available at 
its rates. Work continuing 
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DESORPTION 


“DESORPTION OF HYDROCAR- 
BONS FROM AN UNCONSOLI- 
DATED SAND.”"—C. W. Oxford— 
June, 1951. 

Proressor R. L. Huntinctron, Univer- 
sity of Oklahoma, 113 pp. 1 copy avail- 
able and abstract. Photograph $1 page; 
microfilm $0.10 page. 


DIFFUSION * 


“DIFFUSION IN LIQUID AND 
SOLID METALS.”—Roger E. Eckert 
—October, 1951. 

Proressor H. G. Drickamer, University 
of Illinois, 135 pp. 2 copies and abstract 
available. Work continuing. 


“DIFFUSION IN LIQUIDS NEAR 
THE CRITICAL POINT.” — Walter 
L. Robb—October, 1951. 

Proressor H. G. Drickamer, University 
of Illinois, 97 pp: 2 copies and abstract 
available. Work continuing. 


“DIFFUSION IN TWO-PHASE 
SYSTEMS.” — Lu-Ho Tung — June, 
1951. 

Proressor H. G. Drickamer, University 
of Illinois, 100 pp. 2 copies and abstract 
available. Work continuing. 

“SPRAY FORMATION AND 
EVAPORATION.”—James J. Donnelly 
—September, 1951. 

Proressor Kurt Wout, University of 
Delaware, 157 pp. 1 copy and abstract 
available. Ozalid copy $0.04 page. 

“A STUDY OF THE DIFFUSION 
AND FLOW OF GASES THROUGH 
POROUS MEDIA.”—F. J. Lavacot— 
September, 1951. 

W. P. Armstronc, H “ashing- 
ton University, St. Louis, Mo., 117 pp. 
copies available. Work continuing. 


DISTILLATION 


“EFFECT OF HOLDUP AND RE- 
FLUX RATIO IN BATCH DISTIL- 
LATION.”—Robert C. Johnson—Janu- 
ary, 1951. i 

Proressor Artur Rose, Pennsylvania 
State College, 194 pp. 2 copies and dit- 
toed copies from Professor Rose. Work 
continuing. 


“THE EFFECTS OF HOLDUP 
AND OTHER OPERATING VARI- 
BLES IN BATCH DISTILLATION.” 
—Harry A. Kahn—June, 1951. 

Proressor Artuur Rost, Pennsylvania 
State College, 312 pp. 2 copies and dittoed 
copies available from Professor Rose. 
Work continuing. 


“FACTORS AFFECTING PLATE 
EFFICIENCIES IN BUBBLE 
PLATE FRACTIONATORS.”—Ray- 
mond W. Winkler—June, 1951. 

Proressor Aaron Rose, Washington 
University, St. Louis, Mo., 145 pp. 2 copies 
available. Work continuing. 


“PRESSURE DROP THROUGH 
BUBBLE CAPS.”—James L. Huitt— 
June, 1951. 

Proressor R. L. Huntineton, Univer- 
sity of Oklahoma, 110 pp. Photos $1 page ; 
microfilm $0.10 page. 


Chemical Engineering Progress 


“A SEMI-EMPIRICAL METHOD 
FOR SEPARATION 
IN A CENTRIFUGAL MOLECU- 
LAR STILL Marcin L. Drabkin— 

tember, 1951. 

ROFESSOR JAMES Univérsity of 
Pittsburgh, 120 pp. 4 copies and abstract 
available. Work continuing. 


“SEPARATION OF MENTHOL 
FROM MINT OILS BY FRAC- 
TIONAL DISTILLATION AND BY 
CHROMATOGRAPHIC ADSORP- 
TION.” —Hson Mou Chang — March, 


. Brivocer, lowa State 
College, 126 pp. 2 copies available. 


“VACUUM FRACTIONATION.”— 
Max S. Peters—August, 1951. 

Proressor M. R. Cannon, Pennsylvania 
State College, 206 pp. 15 copies available. 
Work continuing. 


“VAPOR-LIQUID EQUILIBRIUM 
STILL FOR HIGH PRESSURES.”— 
George M. Wilmsen—June, 1951. 

Proressor C. C. Watson, University of 
Wisconsin, 133 pp. 1° copy and abstract 
available. Photostat 5¢ page, min. $2; 
microfilm 15¢ exposure, min. $2. Work 
continuing. 


DRYING 


“FACTORS INFLUENCING THE 
PROPERTIES OF SPRAY DRIED 
PRODUCTS.”—J. A. Duffie—August, 
1951. 

Proressor W. R. Jr, Uni- 
versity of Wisconsin, 140 pp. 1 copy and 
abstract available. Photostat 5¢ page, min. 
$2; microfilm 15¢ exposure, min. $2. Work 
continuing. 

“HEAT TRANSFER AND DRY- 
ING OF HOLLOW CYLINDERS.”— 
B. S. Garud—June, 1951. 

Proressor R. E. Peck, /llinois Institute 
of Technology, 65 pp. 1 copy and abstract 
available. Work continuing. 


EXTRACTION 


“CONCENTRATION GRADI- 
ENTS IN SPRAY AND PACKED 
EXTRACTION COLUMNS.”—T. E. 
Gier—June, 1951. 

Proressor J. O. Hovucen, Rensselaer 
Polytechnic Institute, 82 pp. None available. 
Work continuing. 

“THE CONCENTRATION OF 
SOLUTIONS OF HYDROCHLORIC 
ACID BY LIQUID-LIQUID EX- 
TRACTION.”—E. D. Crittenden, Jr.— 
June, 1951. 

Proressor A. N. Hixson, University of 
Pennsylvania, 176 pp. 1 copy available. 
Work continuing. 

“DROP FORMATION AND IN- 
TERFACIAL TRANSFER AREA IN 
A LIQUID-LIQUID EXTRACTION 
SPRAY COLUMN.”—F. . Keith, 
Jr.—June, 1951. 

Proressor A. N. Hixson, University of 
Pennsylvania, 143 pp. 1 copy available 
Work continuing. 


“LIQUID- LIQUID EQUILIB- 
RIUM RELATIONS IN SYSTEMS 
INVOLVING OLEIC ACID.”—N. L. 
Sample—August, 1951. 
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Proressor C. O. Bennett, Purdue Uni- 
versity. 158 pp. 1 copy available. Photo- 
stats, negative 30¢ page; positive 60¢ page ; 
microfilm $0.03 to $0.10 page. Work con- 
tinuing. 

“LIQUID-LIQUID EXTRAC- 
TION: THE MECHANISM OF 
SOLUTE TRANSFER FROM 
SINGLE DROPS.”—Wnm. F. Pansing— 
June, 1951. 

Proressor Wa. Licut, University of 
Cincinnati, 169 pp. 2 copies available. 

“SOLVENT EXTRACTION OF 
VEGETABLE OILS.”—S. C. Agarwal 
—June, 1951. 

Proressor D. F. Otumer, Polytechnic 
Institute of Brooklyn, 164 pp. 1 copy avail- 
able. Work continuing. 


“TRICHLOROETHYLENE  EX- 
TRACTION OF COTTONSEED.”— 
F. K. Liu—March, 1951. 

Proressor L. K. Arnotp, Jowa State 
College, 80 pp. 2 copies available. Work 
continuing. 


FLUID MECHANICS 


“CHARACTERISTICS OF TRAN- 
SITION FLOW IN SMOOTH 
— E. Senecal—August, 

Proressor R. R. Rornerus, Carnegie In- 
stitute of Technology, 261 pp. 1 copy avail- 
able. Work 


“FLOW OF FLUIDS THROUGH 
FIXED AND EXPANDED BEDS OF 
SPHERES.”"—F. F. Craig, Jr—Feb- 
ruary, 1951. 

Proressor NorMan Bett, University of 
Pittsburgh, 169 pp. 4 copies and abstract 
available. Work continuing. 


“FLUID MECHANICS AND 
OTHER STUDIES OF MECHANI- 
CAL FIRE FIGHTING FOAMS.”— 
G. E. Wise, ero 1951. 

Proressor C. S. Grove, Jr. Syracuse 
University, 178 pp. 1 copy and abstract 
available. Photostat $55. Work continuing 


“HYDRODYNAMICS OF LIQUID 
FILMS IN SINGLE AND wo 
PHASE FLOW.”"—A. E. Dukler— 
June, 1951. 

Proressor O. P. Bercerin, University of 
Delaware, 119 pp. 1 copy and abstract 
separately available. Ovzalid copy $0.04 
page. Work to be continued later. 


“THE RHEOLOGICAL PROPER- 
TIES OF MULTIPHASE SYSTEMS: 
A STUDY OF SOLID-LIQUID SUS- 
PENSIONS.”"—R. F. Heckman—Aug- 
ust. 1951. 

Proressor B. E. Laver, University of 
Colorado, 289 pp. 1 copy available. Photo- 
stat $96.33; microfilm $5.78. Work contin- 
uing. 


“TURBULENCE INVESTIGA- 
TIONS WITH THE HELP OF A 
CONSTANT TEMPERATURE HOT 
WIRE ANEMOMETER.”—Harold C. 
Ries—June, 1951. 

Proressor Kurt Wout, 
Delaware, 106 pp. 


University of 
1 copy available, abstract 


separately available. Ozalid copy $0.04 
page. 
“VENTURI ATOMIZATION.” — 


R. H. Wetzel—August, 1951. 


Vol. 48, No. 1 


Proressorn W. R. Jr, Uni- 
versity of Wisconsin, 150 pp. 1 copy avail- 
able. Photostat 5¢ page; microfilm 15¢ 
exposure. Work continuing. 


HEAT TRANSFER 


“FORCED CONVECTION HEAT 
TRANSFER COEFFICIENTS ON 
VERTICAL TUBE BAFFLES.” — 
Irving Dunlap—June, 1951. 

Proressor J. H. Rusuton, /Ilinois Insti- 
tute of Technology, 155 pp. 1 copy avail- 
able and abstract. Work continuing. 


“HEAT AND MASS TRANSFER 
STUDIES. I. TRANSFER OF HEAT 
AND MOMENTUM IN UNIFORM 
TURBULENT AIR STREAMS. II. 
EVAPORATION OF WATER 
DROPS IN A TURBULENT AIR 
STREAM.”—Stuart D. Cavers—June, 
1951. 

Proressor B. H. Sace, California Insti- 
tute Technology, 211 pp. 2 bound copies 
available. Work continuing. 


“HEAT TRANSFER AND PRES- 
SURE DROP FOR AIR FLOWING 
IN SMALL TUBES.”—C. L. Kroll— 
January, 1951. 

Proressors W. H. McAnams and J. N. 
Apvvoms, Massachusetts Institute of Tech- 
nology, 222 pp. None available. Photostat 
35¢ page; microfilm $0.04 page. Work 
continuing. 

“HEAT TRANSFER COEFFIC- 
IENTS FOR LIQUID MERCURY 
AND DILUTE SOLUTIONS OF 
SODIUM IN MERCURY.”—Andrew 
H. Younger—January, 1951. 

Proressor T. C. Doopy, Purdue Univer- 
sity, 80 pp. 1 copy available. Photostats, 
negative 30¢ page; positive O0¢ page; 
microfilm 3¢ to 10¢ page. Work continuing. 


“HEAT TRANSFER TO BOILING 
HYDROCARBONS BY NATURAL 
CIRCULATION IN VERTICAL 
TUBES.”—P. T. Cheng—June, 1951. 

Proressor S, A. Guerriert, University of 
Delaware, 127 pp. 1 copy and abstract 
available Ozalid copy $0.04 page. Work 
continuing. 


“THE HEAT TRANSFER, PRES- 
SURE DROP AND TEMPERATURE 
GRADIENTS IN BEDS OF SPHERI- 
CAL AND CYLINDRICAL SOLIDS.” 
John Morgan Campbell—June, 1951. 

Proressor R. L. Huntincron, Univer- 
sity of Oklahoma, 137 pp. 1 copy and ab- 
stracts available. Photograph $1 page; 
microfilm 10¢ page. 


“HEAT TRANSFER RATES IN 
FIXED BED CATALYTIC RE- 
ACTORS.”—Bruce H. Levelton—June, 
1951. 

Proressor P. G. Murpocu, 4. & M. Col- 
lege of Texas, 119 pp. 1 copy available. 
Ozalid copy about $4. Work continuing 


“HEAT TRANSFER WITH 
RELEASE IN FIXED BEDS.” Vv. 
Horrigan—June, 1951. 

Proressor Harpinc Buss, Yale Univer- 
sity, 106 pp. 1 copy available. Work con- 
tinuing. 


“NATURAL CIRCULATION VE- 
LOCITIES IN A LONG-TUBE VER- 
TICAL EVAPORATOR.”—Bruce 
Harvey—June, 1951. 

Proressor A. S. Foust, University of 


Michigan, 139 pp. 1 copy and abstract 
available, positive microfilm $0.04 page. 


“RADIAL HEAT TRANSFER IN 
PACKED BEDS OF GRANULAR 
SOLIDS.” —James R. Felix — June, 
1951. 

Proressor W. K. Nem, University of 
Wisconsin, 203 pp. 2 copies and abstract 
available. Work continuing. 


“STUDIES ON HEAT TRANSFER 
AND PRESSURE DROP FOR BOIL- 
ING WATER FLOWING IN A VER- 
a TUBE.”—W. L. Sutor, March, 


1. 
Proressors E. L. Prrer and A. }: Map- 
pen, University of Minnesota, 11 
copy available. Work continuing. 


‘‘TEMPERATURE AND VE- 
LOCITY DISTRIBUTION IN NON- 
TURBULENT FLOW.” 
—V. J. Berry, Jr.—June, 1951. 

Sace, California Insti- 
tute of Technology, 136 pp. 3 copies at 
university. Work continuing. 


INDUSTRIAL WASTES 


“THE OXYGEN UPTAKE B 
PSEUDOMONAS FLUORESCEN 
ON GLUCOSE, XYLOSE, ARABI 
NOSE AND ACETATE UNDER 
VARYING CONDITIONS OF SUB 
STRATE CONCENTRATION AN 
ENVIRONMENTAL TEMPERA 
TURE.” — Peter H. Watkins — June, 
1951. 

Proressor F. C. Viceranprt, 
Polytechnic Institute, 175 pp. 
prepared but not published 
uing. 


Virgins 
Abstrac 
Work contin- 


ION EXCHANGE 


“RATES OF ION EXCHANGE IN 
NON-AQUEOUS MEDIA.”"—F. §&. 
Chance, Jr.—March, 1951. 

Proressor H. J. Garner, University of 
Tennessee, 51 pp. 2 copies available. 


“A STUDY OF ANION EX- 
CHANGE IN BEDS OF ION EX- 
CHANGE RESINS.”—Leon Cooper— 
June, 1951. 

Proressor Aaron Rost, Washington 
University, St. Louis, Mo., 112 pp. 2 cop 
ies available. Work continuing. 


KINETICS 
“CARBON-STEAM SYSTEM AT 


UNDER PRESSURE.”—H. G. Hipkin 
—May, 1951. 

Proressor E. R. Massachu- 
setts Institute of Technology, 240 pp. None 
available. Photostat 35¢ page; microfilm 
$0.04 page. Work continuing. 


“THE DESIGN OF FIXED me 
CATALYTIC REACTORS.”—R. W. 
Schuler—January, 1951. 

Proressor J. M. "Suarn, Purdue Univer- 
sity, 205 pp. 1 copy available. Photostats, 
negative 30¢ page; positive OO¢ page; 
microfilm 3¢ to 10¢ page. Work continu- 
ing.. 


“THE EFFECT OF PACKING 
SIZE ON FIXED-BED REACTORS.” 
—V. P. Stalli June, 1951. 

Proressor J. M. Suitn, Purdue Univer- 
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sity, 124 pp. 1 copy available. Photostats, 
negative 30¢ page; positive 60¢ page; 
microfilm 3 to 10¢ page. Work continuing. 


“AN EVALUATION OF THE 
MECHANISM OF THE PROMOT- 
ING ACTION OF SODIUM BICAR- 
BONATE ON THE LOW TEM- 
PERATURE GASEOUS REDUC- 
TION OF IRON ORE.”—Arthur Mc- 
George, Jr.—June, 1951. 

Proressor A. N. Hixson, University of 
Pennsylvania, 98 pp. 1 copy available. 
Work continuing. 


“A KINETIC STUDY OF PHYSI- 
CAL ADSORPTION IN POROUS 
SOLIDS.”—N. A. Ednie—June, 1951. 

Proressor W. K. Netti, University of 
Wisconsin, 245 pp. 2 copies and abstract 
available. Work contimsing 


“A KINETIC STUDY OF THE 
SYNTHESIS OF METHANE.”—W. 
W. Akers—June, 1951. 

Proressor R. R. Wuirte, University of 
Michigan, 107 pp. 1 copy available. Posi- 
tive microfilm $0.0125 per page. Work con- 
tinuing. 


“A KINETIC STUDY OF THE 
VAPOR PHASE ADDITION OF 
HYDROGEN CHLORIDE TO PRO- 

YLENE.”—Lawrence E. Swabb, Jr.— 

uly, 1951. 

Proressor H. E. Hoerscuer, University 
of Cincinnati, 152 pp. 2 copies available. 
Microfilm $10.45. 


“KINETICS OF HYDROGENA- 
ION OF BENZENE ON FLUID- 
ZED NICKEL CATALYST.”—L. N. 
anjar—August, 1951. 
Proressor R. B. BeckMANN, 
nstitute of Technology, 120 pp 
vailable. Work continuing. 


“THE KINETICS OF THE 
APOR PHASE HYDROGENA- 
ION OF BENZENE ON A FLUID- 
ED NICKEL-OXIDE CATA- 
L. Motard—September, 
1. 

Proressor R. B. BeckKMANN, Carnegie 
stitute of Technology, 113 pp. 1 copy 
ailable. Work continuing 


“THE KINETICS OF THE VAPOR 

HASE REACTION BETWEEN 

THYLENE OXIDE AND DI- 
METHYL AMINE.”—F. Riordan, 
Jr.—August, 1951. 

Proressor H. J. Garper, ('niversity of 
Tennessee, 121 pp. 2 copies available and 
summary. 


“MECHANISM OF THE STEAM- 
CARBON REACTION IN A FLOW 
."— Chia-Yung Chen — June, 

1 

Proressor 
of Illinois, 
available 


Carnegie 
1 copy 


Jounstone, University 
131 pp. 2 copies and abstract 
Work continuing 


“THE RATE OF ION EX- 
CHANGE.”—R. F. Baddour — May, 
1951. 

Proressor EF 
setts Institute 
unavailable. 
$0.04 page. 


“THE REDUCTION OF NICKEL 
OXIDE IN A FLUIDIZED BED.”— 
A. Kivnick—June, 1951. 

Proressor A. N. Hixson, University of 
Pennsylvania, 144 pp. 1 copy available. 
Work continuing. 


R. Gitumanp, Massachu- 
of Technology, 94 pp. Copies 
Photostat 35¢ page; microfilm 
Work continuing 
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MASS TRANSFER 


“THE EFFECT OF CONCENTRA- 
TION ON THE LIQUID FILM 
MASS TRANSFER COEFFICIENT.” 
—John Wm. Tierney, Jr.—June, 1951. 

Proressor L. F. Stutzman, Northwest- 
ern University, 9 pp. 1 copy available and 
abstract. 


‘“*“LOCAL COEFFICIENT OF 
MASS TRANSFER BY EVAPORA- 
TION OF WATER INTO AN AIR 
J — Maurice Spielman — January, 
1 

Proressor Max Jaxon, Illinois Institute 
of Technology, 140 pp. 1 copy available 
and abstract. 


“MASS TRANSFER IN THE 
FLOW OF FLUIDS THROUGH 
GRANULAR BEDS.”—Merk Hobson 

1951. 

Grorck TuHopos, Northwest- 
ern University, 54 pp. 1 copy and abstract 
available. 


TRANSFER IN FLUID. 
EDS.” — James Kalk — June. 

Proressor Cnuin Cuv, Polytechnic 
Institute of Brooklyn, 120 pp. 1 copy avail- 
able. Work continuing. 


METALLURGY 


“FUNDAMENTAL RELATION. 
SHIPS BETWEEN PRIOR PRO- 
CESSING AND HIGH TEMPER- 
ATURE PROPERTIES OF TWO 
CREEP RESISTANT AUSTENITIC 
ALLOYS.”—D. N. Frey.—June, 1951. 

PRoFessor Lars THOMASSEN, University 
ef Michigan, 232 pp. 1 copy and abstract 
available. Positive microfilm $0.0125 page. 
Work continuing 


MICROBIOLOGY 


“EFFECTS OF LIGHT ON THE 
PRODUCTION OF CITRIC ACID 
BY ASPERGILLUS NIGER.”—Irwin 
Frankel—June, 1951. 

Proressor J. O. Hovucen, Rensselaer 
Polytechnic Institute, 68 pp. No copies 
available. 


PHASE EQUILIBRIA 


“THE DETERMINATION AND 
THERMODYNAMIC CORRELA- 
TION OF VAPOR-LIQUID EQUI- 
LIBRIA DATA FOR THE WATER- 
ACETIC ACIP SYSTEM.”"—S. S. 
Silvis—June, 1951. 

Proressor D. F. Ornmer, Polytechnic 
Institute of Brooklyn, 114 pp. None avail- 
able. Work continuing. 


“PHASE EQUILIBRIA IN TERN- 
ARY AND QUATERNARY SYS- 
TEMS OF C, HYDROCARBONS 
WITH FURFURAL-WATER.”—K. K. 
McMillin—May, 1951. 

Proressor K. A. Kone, University of 
Texas, 227 pp. 1 copy available. 

“THE SOLUBILITY OF ME- 
THANE AND OF ETHANE IN 
WATER AT TEMPERATURES TO 
340° F. AND PRESSURES TO 10,000 
LBS./SQ.IN. ABSOLUTE.” — O. L. 
Culberson—June, 1951. 

Proressor J. J. McKetta, Jr., University 


Chemical Engineering Progress 


of Texas, 149 pp. 1 copy available. Work 
continuing. 


SOLUTIONS 


“LIGHT SCATTERING NEAR 
oo ATURE.”—A. L. Babb—October, 


Proressor H. G. Drickamer, University 
of Illinois, 91 pp. 2 copies available and 
abstract. Work continuing. 


“LIGHT SCATTERING NEAR 
THE CRITICAL POINT.”"—L. G. 
Blosser—June, 1951. 
Proressor H. G. DricKamMer, University 
of Illinois, 82 pp. 2 copies available and 
abstract. Work continuing. 


“SELECTIVE ME MELTING OF 
FROZEN SOLUTIONS BY THE 
USE OF RADIO - FREQUENCY 
POWER.”—C. G. Heisig—June, 1951. 

Proressor K. A. Kose, University of 
Texas, 165 pp. 1 copy available. 


THERMODYNAMICS 


“AN EXPANSION APPARATUS 
FOR THE DETERMINATION OF 
SOME THERMODYNAMIC PROP- 
ERTIES OF FLUIDS AT HIGH 
PRESSURES.” — Richard J. Shields — 
June, 1951. 

Proressor Grorce Martin’ Brown, 
Northwestern University, 81 pp. 1 copy and 
abstract available. 


“VOLUMETRIC BEHAVIOR AND 
THERMODYNAMIC PROPERTIES 
OF ETHYLENE OXIDE.”"—C. J. 
Walters—June, 1951. 

Proressor J. M. Smiru, Purdue Univer- 
sity, 138 pp. 1 copy available. Photostats, 
negative 30¢ page; positive O0¢ page; 
microfilm 3 to 10¢ page. Work continuing 


UNCLASSIFIED 


“THE CONCENTRATION OF 
THE STABLE ISOTOPE OF SUL- 
FUR OF MASS 34.”"—E. D. North— 
June, 1951. 

Proressor R. R. Wurte, University of 
Michigan, 101 pp. 1 copy available and 
abstract. 


“ENERGY -NEW SURFACE RE- 
LATIONSHIP IN THE CRUSHING 
OF SOLIDS. V. IMPACT CRUSH- 
ING OF SINGLE PARTICLES OF 
CRYSTALLINE QUARTZ.”—L. J. 
Heney, Jr.—August, 1951. 

Proressors E. L. Prrer and A. J. Map- 
pEN, University of Minnesota, 75 pp. 1 
copy available. Work continuing. 


“PRESSURE-VOLUME-TEMPER- 
ATURE RELATIONS OF MIX- 


TURES AT HIGH PRESSURE.”— 
W. P. Hagenbach—June, 1951. 

Proressor E. W. Comincs, University of 
Illinois, 122 pp. 2 copies available and ab- 
stract. Work continuing. 


“A STUDY OF THE FACTORS 
AFFECTING HOME HUMIDITY 
CONTROL AND THE VENTING 
OF GAS APPLIANCES.”—Samuel C. 
Hite— January, 1951. 

Proressor J. L. Bray, 
sity, 200 pp. 1 copy available. Photostats, 
negative 30¢ page; positive 60¢ page: 
microfilm 3 to 10¢ page. Work continuing. 
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BALANCED meeting skillfully 

planned by the program committee, 
which featured outstanding and ex- 
haustive technical programs with inter- 
esting and varied nontechnical subjects, 
featured the 44th Annual Meeting of the 
A.L.Ch.E. held at Atlantic City, Dec. 
2-5, 1951. 

Two of the three major addresses at 
the meeting, concerned problems with 
which our technical civilization must 
grapple if the full promise of scientific 
development is to be realized. The Pro- 
fessional Progress Award address by 
Chalmer G. Kirkbride, vice-president 
and director of Houdry Process Corp., 
concerned the effect of taxation on our 
technical progress. The full talk is 
printed in this issue of Chemical Engi- 
neering Progress (see page 44). At the 
Awards banquet, Hon. Thomas E. Mur- 
ray, U. S. Atomic Energy Commission, 
spoke on the ethical aspects of our atom 


Karl W. Rausch, Jr., admires the cer- 
tificate which declares that he was the 
1951 Student Contest winner. 


presentation. 


MEETING HIGHLIGHTS 


e Total Attendance 1564, Largest 
Annual Meeting Since 1949. 

e Professional Progress Award to 
C. G. Kirkbride of Houdry Proc- 
ess Corp., W. H. Walker Award 
to R. H. Wilhelm of Princeton 
University; Junior Award to 
C. R. Wilke of University of 
California. 

e David I. Saletan, University of 
Michigan, Won the Award for 
the Best Presentation of a Paper. 
Honorable Mention Went to 
a D. Evans, Shell Development 

e Banquet Address by Honorable 
Thomas E. Murray, U.S. Atomic 
Energy Commission. 

e Secretary Reports Membership 

Still Rising ; now at 11,440. 


age in a well-received talk titled, “Some 
Limitations of Science.” The complete 
address by Mr. Murray will appear in 
the February issue of “C.E.P.” In the 
other major address, the Institute Lec- 
ture by Thomas Bradford Drew, cov- 
ered the chemical engineering aspects of 
diffusion and our present state of know! 
edge of this important unit operation. 

A total of 1564 went to Atlantic City 
for the mecting, which began Sunday 


with an afternoon discussion on 
“Whither Chemical Engineering 
Science.” A panel of J. C. Elgin of 


Princeton University, K. H. Hachmuth 
of Phillips Petroleum Co., R. L. Pigford 
of University of Delaware, J. H. Rush- 
ton of Illinois Institute of Technology, 
and T. K. Sherwood of Massachusetts 
Institute of Technology, with G. G. 
Brown of University of Michigan as 
moderator, discussed modern trends in 
chemical engineering, with special em- 
phasis on the mechanistic fundamentals 
underlying unit operations. The purpose 
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Kirkbride, Profes- 
sional Progress 
Award recipient, 
exchange compli- 
ments after the 


Session No. 1 
welcome sounded 
by W. H. B 
chairman, Philadel- 


phia - Wilmington 
section. 


BALANCED PROGRAM FEATURES 
ATLANTIC CITY MEETING 


with a note 


arcus, 


William I. Burt, A.L.Ch.E. President 
for 1952 and General Technical Program 
chairman talks with his line-up of speak- 
ers. They are Charles E. Dryden, 
Battelle Memorial Institute, Aaron Rose, 
Washington University, and A. E. Duk- 
ler, University of Delaware. 


was to explore developments of the past 
several years where chemical engineers 
have uncovered principles which make 
common bond with operations formerly 


Best Presentation 
award went to David 
I. Saletan, Uni- = 
versity of Michi- 7 
gan. 


‘ C. R. Wilke, left, 
~ winner of the Junior 
, 
ale 
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“Whither Chemical Engineering Science?” It took Chairman G. G. Brown, left, 


his panel and numerous experts from 


thought to be separate. 

In opening the discussion, the mod- 
erator, G. G. Brown, defined chemical 
engineering science “as the accumulated 
and accepted knowledge which has been 
systematized or formulated for use by 
the chemical engineer in the practice of 
his profession.” The view to the future 
was opened by Professor Elgin who di- 


R. D. Hoak, left, presided during the 
symposium on Industrial Waste Dis- 
posal, and C. C. DeWitt of Michigan 
State presented one of the papers. 


vided chemical processes into two zones 

the chemical zone and the 
separation These further 
individually subdivided in the chemical 


reaction 


zone. were 


change zone of the simultaneous opera- 
tions of mixing, physical solution and 


precipitation, chemical reaction, mass 
transfer, fluid motion, and heat transfer. 
These are governed by chemical thermo- 
dynamics, chemical kinetics, combined 
with kinetics of heat and mass transfer, 
the mechanics of fluid flow, fluidization, 


Opening-night “Get-Together,” with 
largest ballroom. 


floor to decide that q 


and mixing. “The separation zone,” 
Professor Elgin said, “is divided into 
two classes—mechanical and phase 
change separation. All of the three 
possible phases, liquid, solid, and gas 
or vapor, can be treated with the same 
fundamental laws and all have the same 
basic principles and design theory.” 

It is around these broad principles 
that Professor Elgin thinks chemical 
engineering science will be systematized 
in the future. The second panel mem- 
ber, Dr. Hachmuth, on the other hand, 
listed the essential divisions of chemical 
engineering science as—mathematics, 
stoichiometry, thermodynamics, reaction 
kinetics, material transfer, and energy 
transfer. “An adequate knowledge of all 
these factors,” he said, “is necessary for 
successful process design and opera- 
tion.” 

Professor Pigford agreed essentially 
with Professor Elgin that many of the 
chemical engineering activities could be 
classified under the single heading of 
phase equilibrium and phase separation. 
He elaborated further on a point raised 
by Hachmuth that there were subjects 
which the Elgin classification did not 
include. He elaborated on one particular 
philosophy, namely, that chemical engi- 
neers should use whatever fields of 
science necessary to do their jobs. He 
warned against the handbook approach 
to engineering and said chemical engi- 
“inherited from the chemists 
the philosophy of experimentation, and 
no other branch of engineering indulged 
the extent the 


neering 


in experimentation to 
chemical engineers do.” He stressed the 
fact that the whole field of applied 
science is open to the chemical engineer 


music and refreshments, jammed the 


and that the physical chemists and 
physicists, by turning to new fields of 
endeavor, have left to the chemical engi- 
neer complete fields of experimentation 
in science which will not be developed 
properly unless chemical engineers do it. 
He ended by stating that “. in the 
future chemical engineers should try to 
develop their general understanding of 
scientific principles including chemistry, 
physics, physical chemistry, and mechan- 
ics to a degree greater than that which 
they have done so far.” 


T. B. Drew of Columbia University 
delivered the Third Institute Lecture. 
The subject was “Diffusion—What We 
Know and What We Don't.” 


Professor Rushton also warned 
against crystallization of the present 
form of chemical engineering through 
the use of unit operations, and stated 
that the path to the future is to recast 
our present notions of reaction rates, 
kinetics, and the so-called unit opera 
tions by using broader basic fields such 
as fluid mechanics, mass transfer, and 
energy transfer. Professor Rushton 
predicted that in ten years our major 
chemical engineering courses would in- 
clude: first, the mechanics of fluid and 
energy transfer with extension to all 
rate mechanisms; second, the material 
and energy balances and rate coeffi- 
cients; third, thermodynamics; fourth, 
reaction kinetics and catalysis; fifth, 
equipment for industrial operation; 


Frank J. Smith chaired a General 
Technical session, and James I. Harper 
— a paper on “The Arosorb 

‘ocess. 


( 
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The subject “Rapid Reading” was ex- 
plored by Eugene Ehrlich, left, Depart- 
ment of English, Columbia University, 
and meeting chairman L. P. Scoville, 
center, demonstrates by way of his pro- 
gram. This stimulating session was 
rounded cut by R. L. Atwood of Har- 
vard who discussed “Effective Speaking.” 


left, led a sales dis- 
cussion. The salesman he is listening to 
here is P. C. Keith, who told how to sell 
equipment. 


Frank Curtis, 


sixth, process design; seventh, research. 
He said that he visualized the develop- 
ment of chemical engineering as an ex- 
tension of mechanics, reaction kinetics, 
and thermodynamics to process integra- 
tion. He called for a cessation of the 
tendency to petrify the science of our 


field, and asked that things be kept fluid. 

Dean Sherwood began by quoting 
Einstein to the effect that “Scientists 
are those people who solve the problems 
which they can solve, and engineers are 
the people who solve the problems which 
have to be solved.” His point was that 
decisions are made in engineering, con- 
struction, design. and management, with 
inadequate data. But in making such 
decisions, the highest form ef engineer- 
ing is practiced, Dr. Sherwood said. 
Any framework for systematizing chem- 


ical engineering knowledge, he claimed, 
is largely based on facts which we now 
know. Dr. Sherwood said that it might 
be helpful to consider chemical engi- 
neering as being divided into three 
areas : basic science, techniques of appli- 
cation, and finally the application itseli, 
His particular philosophy called for con- 
tinuing new developments and pushing 
back the frontiers of chemical engineer- 
ing, and not to restrict our coverage of 
basic science to present known applica- 
tions. He closed by saying that “. 

as the profession matures, let us guard 
jealously our traditional fundamental 
approach to new technological problems 


Presided over by Alan Foust, left, in the afternoon session, and Donald Katz, 
next, in the morning session, the innovation of this symposium on “Heat Transfer’ 


“Chemical Engineering Fundamentals” 
were the topics of Robert D. Ingebo, 
H. D. Evans, and their chairman, 
C. Edmister. 


ayne 


was the availability of preprints of the complete papers. Only a brief résumé of 
the papers was presented at the beginning of the meetirg. The balance of the panel 
includes Joseph L. Schweppe, B. F. Harvey, John A. Beutler, E. P. Lynch, Charles 
F: Bonilla, I. R. Dunlap, Jr., and Irvin Glassman. 


and not follow the older branches of 
engineering down the deadend road of 
empiricism.” 

The discussion from the floor was 
varied, many different ideas being pre- 
sented. Some speakers emphasized that 
the distinguishing characteristic of the 
chemical engineer was that he included 
chemistry, as well as physics and mathe- 
matics in his basic science. All in all, 
there was a definite indication that a 
trend toward simplification of chemical 


meetings were para- 
mount and anyway, 
the weather was 
cool. 


engineering classifications was in pro 
gress. The opinion was expressed that 
the unit operations should themselves be 
unitized or merged into groups accord 
ing to common fundamental principles 
or methods of treatment. However, in 
(Continued on page 28) 


“The Howells,” 
glass - blowers, en- 
tertain the ladies. 
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The Betania alkali plant, located 30 miles north of Bogota, Colombia, will be 
Seuth America’s first major alkali production facility when it goes into operation 
this year. Construction of the plant started in 1948. 

Designed and constructed by The H. K. Ferguson Co., the plant will produce 
by the ammonia soda process 36,500 metric tons of soda ash, from which are pro- 
duced 18,250 metric tons of dense ash, 9,125 tons of chemical caustic, 4,380 metric 


tons of bicarbonate of soda and 


3,600 metric tons of light soda ash. Built for the 


Institute de Fomento Industrial, the Colombian governmental agency in charge of 
industrialization and the National Bank of Colombia, which controls salt properties, 


the plant cost approximately 


$15,000,000. 


Principal raw materials for the plant are brine, which will be pumped five 
miles from the Zipaquira salt mines and limestone, which will be hauled from 
nearby deposits. Coal, another major raw material, is also readily available. 


A.S.M.E. AWARDS 
THREE MEDALS 


Three engineering honors were 
awarded at the 72nd annual meeting of 
the American Society of Mechanical 
Engineers, Chalfonte-Haddon Hall, At- 
lantic City, on Nov. 28. 

Recipients were William L. Batt, 
minister in charge of the Economic Co- 
operation Administration Mission to the 
United Kingdom, who received the 
Hoover Medal; Ervin G. Bailey, vice- 
president of the Babcock and Wilcox 
Co., of New York, awarded the John 
Fritz Medal, and Thomas Roy Jones, 
president of Daystrom, Inc., Elizabeth, 
N. J., winner of the Henry Laurence 
Gantt Medal. 

The Hoover Medal for 1951 was 
awarded to Mr. Batt for “leadership in 
engineering, management and public re- 
sponsibility, and his many distinguished 
services to his community and the na- 
tion.” The medal is a joint award of 
the A.S.M.E., A.I.M.E., A.S.C.E., and 
A.LE.E. It was established in 1930 to 
commemorate the civic and humanitar- 
ian achievements of Herbert Hoover, 
former President of the U. S., to whom 
the first award was made. 

The John Fritz Medal was presented 
to Mr. Bailey for “outstanding engi- 
neering achievements in the field ot 
combustion and distinguished service to 
his fellows in advancing the engineering 
profession.” Mr. Bailey is founder and 
chairman of the board of the Bailey 
Meter Co., of Cleveland. 

Mr. Jones was chosen winner of the 
Gantt Medal for “distinguished achieve- 
ment in industrial management as a 
service to the community.” The medal 
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is a joint award annually of the 
A.S.M.E. and the American Manage- 
ment Association for achievement in in- 
dustrial management service to the com- 
munity. 


NEW BAKER PLANT 


Inorganic chemicals of high purity are 
manufactured in this new plant, part of a 
$3,000,000 expansion and modernization 
program at the J. T. Baker Chemical 
Co. works in Phillipsburg, N. J. Here, 
product purification, crystallization, dry- 
ing and packaging are done under one 
roof. The crystallization tank, far left, 
feeds to the crystallizer, shown behind 
the instrument panel. Not shown in the 
picture are solution tanks where raw 
materials are dissolved and reacted be- 
fore being filtered and fed to the crystal- 
lation feed tank. Production facilities 
include units to make ammonium sul- 
fate, aluminum hydroxide, magnesium 
trisilicate, and i 
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PENNSALT TO ADD 
CHLORINE UNIT 


Pennsylvania Salt Manufacturing Co. 
will add new facilities to its Calvert 
City (Ky.) works, including an electro- 
lytic chlorine-caustic soda unit, at an 
estimated cost of $8,000,000. 

Pennsalt completed in 1949 a hydro- 
fluoric acid and sulfuric acid plant on 
its Tennessee River location near 
T.V.A.’s (Ky.) dam. These facilities 
were expanded in 1950, by a unit to 
produce end products from captive hy- 
drofluoric acid and, now nearing com- 
pletion, a 33 per cent increase in hydro- 
fluoric acid capacity. 

Addition of the new unit will com- 
bine at one works hydrofluoric acid, 
sulfuric acid, chlorine and caustic soda. 
The new unit will also include facilities 
to make anhydrous hydrochloric acid. 

The plant will use the DeNora elec- 
trolytic mercury cell, developed in Italy, 
which produces caustic soda of rayon- 
grade purity at concentration up to 


72%. Power will be supplied by T.V.A. 


MICH. PLANT FOR HOOKER 


A new $10,000,000 plant for the man- 
ufacture of chlorine and caustic soda at 
Montague, Michigan, was projected last 
month by R. L. Murray, president of 
Hooker Electrochemical Co., Niagara 
Falls. The new plant is expected tobe 
in operation by the end of 1953, with a 
yearly production rate of approximately 
100,000 tons of all products. Design of 
the plant will be in charge of the com- 
pany’s engineering department. Total 
plant area near the shore of White 
Lake is more than 400 acres, including 
a brine field. 

Hooker TS-3A cell will be used to 
convert salt brine. Brine is to be piped 
from the company’s own wells a short 
distance from the plant site. A brine 
field of approximately 200 acres has 
been set aside and test drilling has 
proved a salt supply of high purity and 
more than a million tons per acre. 

Natural gas discovered during the 
exploratory drilling indicates a possibil- 
ity of sufficient gas to meet fuel require- 
ments. The gas field is being proved 
by Taggart Brothers Gas Co. of Big 
Rapids, Mich. 


M.C.A. CONFERENCE ON AIR 
POLLUTION ABATEMENT 


The Manufacturing Chemists’ Asso- 
ciation will hold an Air Pollution Abate- 
ment Conference at the Hotel Statler, 
New York, Feb. 25 and 26, 1952. Tech- 
nical sessions and a forum on “A Ra- 
tional Approach to Air Pollution” will 
be attended by representatives of indus- 
tries concerned with pollution. 


(More News on page 23) 
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OFFERED ONLYEBY THE 


ecelator 


IN ECONOMICAL WATER TREATMENT, an Accelator 
occupies but a fraction of the space of an “old-style” treatment 
plant because it is a single unit... because it eliminates the 


previous multiple steps of mixing, sedimentation and coagulation. 


The unique dynamic separation principle of operation 


(continue to neat page) 
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* GETTER WATER CONDITIONNNG 


(from preceding page) 


permits the treated water to separate 
from the top of a downward-moving 
pool of uniformly sized slurry in 


Outstanding advantages — based on 
more than two thousand Accelator 
efficiency-of-operation reports: 


* Faster separation of solids from treated water 
* Low-velocity movement of tremendous 
qvantities prevents floc break-up 


* Rapid mixing of incoming water and 
chemically impregnated slurry 

* Small or large flows have complete contact 
with slurry 

* Thickened sludge is automatically drawn off 
Settling-out of solids is prevented 


at apts contrast to having the treated water filter 


upward through a suspension of sludge 


of gradually decreasing particle sizes. 


INFILCO INC. * Tucson, Arizona 


EXPLAIN-MORE” DIAGRAM 


the Accelator basin contains: 


1. A raw water inlet and dis- 
tributing duct 

2. A primary mixing and re- 
action zone 

3. Two concentric draft tubes 
which form the secondary 
mixing and reaction zone 


4. A rotor-impeller for mixing 
pumping, driven by a 
motori: reducer 
5. An effluent launder system 


6. Concentrators to accumulate 
and remove excess slurry 


SUGGESTED 
ACCELATOR 
APPLICATIONS 


POSSIBLE TREATMENT 
REQUIREMENTS 


ORGANIC MATTER 
SILICA REDUCTION 


REMOVAL 
TASTE AND ODOR 


CLARIFICATION 
STABILIZATION 
ALKALINITY 
REDUCTION 
REMOVAL 

COLOR REMOVAL 
REMOVAL 
NEUTRALIZATION 


SOFTENING 


WATER END-USE 
“MUNICIPAL 
PuLP 
PAPER 

BEVERAGES 
COOLANT 


BOILER FEED 


RAILROADS 
TEXTILE 

CANNERIES 
BREWERIES 


FIELD FLOODING 


BRINE DISPOSAL 
INDUSTRIAL WASTES 
DISPOSAL AND REFUSE 
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(Continued from page 20) 


L. I. DOAN ADVOCATES 
CORPORATE ECONOMY 


Business should take the lead in prac- 
ticing rigid economy and thereby earn 
the right to demand equal economy on 
the part of government, Leland I. Doan, 
president of The Dow Chemical Com- 
pany, told a group of security analysts 
last month at Providence, R. I. 

Commenting that it is easy to succumb 
to a philosophy of spending income dol- 
lars rather than hand them over in 
taxes, Doan said too little has been said 
about the “suicidal effect that the prac- 
tice of such thinking would have on 
our total economy.” 

“Taxes,” Doan declared, “must come 
from national production. If we who 
are responsible for production waste our 
dollars we are in a poor position to 
demand more judicious handling of our 
tax dollar by government.” 

Doan said his company paid $68 
million in federal taxes last year and 
estimated it would pay more than $90 
million next year. “This is pin money 
in the federal budget,” he said, “but a 
shocking amount of money to be di- 
verted from stockholders . 4 

“But we won't evade taxes by spend- 
ing the money first,” he declared. 
“Wasteful spending by corporations will 
only result in decreased tax collections, 
eventually to the point where further 
tax increases will be the only alterna- 
tive.” 


ENGINEERING STUDENTS 
INCREASE IN CANADA 
First-year registration of engineering 
students at Canadian universities in 
1951 was up more than 10 per cent over 
1950. This was the finding in a recent 
survey made by The Engineering Insti- 
tute of Canada. Though the total enroil- 
ment of engineering students is down 
in 1951 from 8329 in 1950 to 7509, the 
trend has been reversed and the number 
of first-year registrations is 2105 com- 
pared to 1874 in 1950. On the basis of 
non-veteran enrollment in first year the 
figures are 2086 for 1951 and 1831 for 
1950, giving a net increase this year of 
255 or 14 per cent over the 1950 figure. 
The number of prospective 1952 
graduates is down from 1951. The pros- 
pects for employment of young graduate 
engineers next spring should be good. 
The shortage is not likely to be elimi- 
nated for quite a number of years unless 
the present level of engineering employ- 
ment drops appreciably in the mean- 
time according to the survey findings. 
The report goes on to state that con- 
sidering that Canada has been absorb- 
ing engineering graduates at a rate of 
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THE ATOM GOES ON TOUR 


Seas! 


Photo Courtesy of the Upson Co 


Above is a mock-up of an atomic which is part of an exhibit on atomic ener 


now touring the nation. Sponsor 


by the American Museum of Atomic Energy 


at Oak Ridge, Tenn. and the National University Extension Association, the 


trailer-hou 
it returns to Oak Ridge. 


Other exhibits include a van de Graff generator and a Wilson cloud chamber. 


more than 3000 a year for the past four 
years, the fact that fewer than 1500 
per year are likely to be available during 
the next four years will have an effect 


Shown above is an operator spraying 
a mild steel tank with polyethylene 
plastic to protect it against corrosive 
chemicals. A Linde flame-spraying gun, 
specially developed for the purpose is 
used. The polyethylene particles are car- 
ried into the gun by a stream of com- 

essed air, melted and sprayed by a 
igh heat oxyacetylene flame. Various 
thickness of plastic can be built on the 
steel. “C.E.P.” Data Service No. 22 in 
December described available literature 
on the technique. 
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unit will travel from coast to coast between now and next June wi 
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COMPRESSED GAS 
ASSOC. TO MEET 


The Compressed Gas Association, 
Inc., will hold its 39th annual meeting 
at the Waldorf-Astoria, New York, 
Jan. 21 and 22, 1952. 

Technical sessions will be held on 
Monday afternoon, and Tuesday morn- 
ing. Committee meetings will be held 
Monday morning. 


MONSANTO MOVE MAPPED 


Monsanto Chemical Co. has taken 
options on several large tracts of land 
in St. Louis County, planning to e¢s- 
tablish its general offices there within 
the next few years. An announcement 
to this effect was made by Charles Allen 
Thomas, Monsanto president, who dis- 
closed that expansion plans call for the 
construction of new headquarters on 
Lindbergh Road, south of Olive Street 
Road, in Creve Coeur. No manufactur- 
ing operations are involved. 

The company’s main offices have been 
located on South Second Street since 
the late John F. Queeny founded Mon- 
santo in 1901. Currently, the general 
offices are located at 1700 South Second 
Street. 

“We are anxious to complete plans 
for the erection of a building which 
will be the general headquarters for 
Monsanto's world-wide organization,” 
Dr. Thomas added, “and we also are 
anxious to play a major role in the 
expansion and modernization of the 
Greater St. Louis area.” 


(More News on page 26) 
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Provine processes in the pilot plant stage can 
save untold millions of dollars in “‘on-stream’”’ 
operations. But bridging the gap between fluid 
ounces per hour in the laboratory and hun- 
dreds or thousands of barrels per hour in the 
plant takes considerable doing. 


Thorough instrumentation in the pilot plant 
provides . . . (1) a saving in scientific man-hours, 
through the centralization of critical data 
which eliminates the hand logging of hundreds 
or even thousands of points . . . (2) easy and 
rapid interpretation of data, through automatic 
coordination and recording in chart form .. . 
and (3) process simplification, through a com- 


plete understanding of control problems well in 
advance of full-scale operations. 


Add to these advantages the fact that, with 
instruments, pilot studies are accomplished in 
much less time . . . for instruments accelerate 
research. Investigate the wide application pos- 
sibilities of Brown Instrumentation. Our local 
engineering representative is qualified to dis- 
cuss your requirements . . . and he is as near as 
your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division,4427 Wayne Ave., Philadel- 
phia 44, Pa. 


MINNEAPOLIS 


Hone 


BROWN INSTRUMENTS 


@ Important Reference Data 


ywell 


Couttols 


WRITE FOR A COPY OF 84-PAGE BULLETIN NO. 15-14, “INSTRUMENTS ACCELERATE RESEARCH”... AND NEW BROCHURE, “TOMORROW IS TODAY.” 


| 
| | 


A section of the 48-in. I. D. reinforced concrete pipe, part of the 35,000 lineal feet 
Orange County Joint Outfall Sewer in California, all of which is lined inside three 
quarters of the way around with a plastic sheeting developed and manufactured by 


mercoat Corp., South Gate, Calif. 


The sheeting is made from Geon polyvinyl chloride resins, produced by B. F. 
Goodrich Chemical Co., Cleveland, Ohio, together with inert pigments and plasti- 
cizers and protects the concrete pipe against disintegration created by gases which 


rise from the sewage. 


A.E.C. FELLOWSHIPS 
ANNOUNCED 


Names of 343 holders of A.E.C.- 
sponsored fellowships were announced 
last month by the Oak Ridge Institute 
lof Nuclear Studies. Five were in chem- 
ical engineering. 

The Institute is 
fellowship 
Energy 


administering the 
for the Atomic 
for the 1951-52 


program 
Commission 
vol year. 

Russell S. Poor, chairman of the In- 
stitute’s 


division, 
said that fellowships had been awarded 


university relations 
for study at 70 American universities 
and research institutions and 
others located abroad. 


seven 


The fellowships are for research and 
study on both the predoctoral and post- 
doctoral level, Dr. Poor said, with 300 
predoctoral and 43 postdoctoral fellows. 
Of the predoctoral fellows, 223 are in 
the physical sciences and 77 are in the 
biological sciences. On the postdoctoral 
level, 21 are in the physical sciences, 17 
in the biological sciences, and 5 in the 
medical The fellowship pro- 
grams in chemical engineering will be 
carried out at Columbia University, 
University of Michigan, University of 
Minnesota, and Yale. 

“The A.E.C.-sponsored fellowship 
program is playing a vital role in giving 
many of our promising young scientists 
the opportunity to continue their re- 
search and study,” Dr. Poor said. “We 


sciences. 
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do not have to go into the future to see 
a need for more scientists—the need is 
here now,” he continued. 


BERYLLIUM ANTIDOTE 
ANNOUNCED 


A successful antidote for beryllium 
poisoning was announced recently by 
Jack Schubert of the Argonne National 
Laboratory. Aurin Tricarboxylic Acid 
has been found to be a nearly perfect 
antidote for otherwise fatal doses of 
beryllium compounds in animal experi- 
ments carried out by Dr. Schubert, 
Marcia R. White, Asher J. Finkel, and 
Arthur Lindenbaum of the Argonne 
Laboratory. ATA also gives protection 
when administered to animals before 
exposure to beryllium, the Argonne 
chemist said. 

The metal beryllium, formerly used 
in fluorescent lamps and now employed 
as a source of radioactivity in the atomic 
energy program, has only recently been 
recognized as the cause of an insidious, 
slowly developing disease, Dr. Schubert 
told the Chicago Section of the Amer- 
ican Chemical Society. 

“Poisoning results from the presence 
of small amounts of beryllium metal or 
beryllium compounds in the body,” Dr. 
Schubert explained. “Inhaled beryllium 
induces widespread damage the 
lungs.” No successful cure for the dis- 
ease was known although temporary 
improvement in many patients had been 
obtained by the use of ACTH. 
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SOIL STABILIZER A 
RECENT DEVELOPMENT 


A process which may enable waste 
sulfite liquor to be used as a soil-stabili 
zation agent for secondary roads has 
been developed by B. K. Hough and 
J. C. Smith, of Cornell University, ac- 
cording to a recent announcement of the 
Army Engineer Corps. 

Waste sulfite liquor has been used for 
years as a dust palliative and for tem- 
porary stabilization of secondary roads 
and highway shoulders, but its value has 
been limited by its water solubility. Now 
the chrome-lignin process, developed un- 
der Army Engineer Corps sponsorship, 
shows promise of making sulfite liquor 
effective as a soil solidification agent. 

The process, as developed by the two 
Cornell men, is based on the reaction 
of sulfite liquor and sodium or potassium 
bichromate to form a_ water-insoluble 
gel. The addition of 3 to 10 per cent 
of concentrated sulfite waste and smaller 
quantities of bichromate imparts co- 
hesive strength to soils, and makes them 
almost impervious to water. The addi- 
tive is effective with a wide variety of 
soils, ranging from beach sands to heavy 
clays, and is not adversely affected by 
organic contamination in the soil. 


EXPOSITION LARGEST EVER 


The recent 23rd Exposition of Chem- 
ical Industries which was held in Grand 
Central Palace, New York, during the 
week of Nov. 26 to Dec. 1, proved to be 
the largest in the 36-year history of the 
show. According to the management, 
457 exhibits were shown on the four 
floors of the Palace and close to 47,000 
visitors were registered during the week. 

Much of the new equipment and ma- 
terials at the show was summarized by 
“C.E.P.” in the November, 1951, issue 
and provision made there, via the Data 
Service, for our readers to obtain any 
of the literature for the new equipment. 

Two events of importance to chemical 
engineering took place during the week 
—one, the Award of the 19th Annual 
Chemical Achievement Award to the 
Phillips Pecroleum Co. for its success- 
ful development of high abrasion carbon 
blacks, and its major contributions to the 
development of a cold rubber process. 
This was noted in “C.E.P.” in our No- 
vember issue on page 23. The other was 
the introduction to the chemical engi- 
neering profession, of the book, “Tower 
Packings and Packed Tower Design,” 
authored by Max Leva, a member of 
A.L.Ch.E. and chemical engineering 
consultant. It was published by the U. S. 
Stoneware Co. 
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HYDROGEN... pure and low cost 
for Lever Brothers Company at Los Angeles 


R THEIR NEW Los Angeles plant, 
Lever has again installed a Girdler 
HyGirTOL* plant to assure a depend- 
able source of high-purity hydrogen for 
hydrogenation of vegetable oils used 
in Lever products. This plant, shown 
above, is the second Girdler hydrogen 
plant purchased by Lever Brothers Co. 
Hydrogen purity with this process 
generally exceeds 99.8%. Instruments 
control the plant, which is practically 
automatic. Just one man is needed to 
supervise operation and to maintain 
hydrogen production at the desired rate. 
Process material costs, as well as labor 
costs, are low. HYGIRTOL plants use 
natural gas, propane or butane for 
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process materials. These hydrocarbons 
are reasonable in cost, are readily 
available and easy to handle. 

HyGirTOL plants are built outdoors 
to save the cost of a building. 

For planning and construction of 
your gas processing facilities, call on 
Girdler. You can do so with confidence. 
The Girdler Corporation. Gas Processes 
Division, Louisville 1, Kentucky. 


Write for bulletin describing our services 
The Girdler Corporation designs 

and builds plants for the produc- 

tion, purification, or utilization 

of chemical process gases; the 
purification of liquid or gaseous 
hydrocarbons; the manufacture 

of organic compounds. 


Entrance to Lever Brothers Company new Les 

Angeles plant reflects modern design of all 

facilities equipment. This plant will supply 

@ variety of soap and shortening products to 
Western market areas. 


* Hygirtol is a trade mark of The Girdier Corporation 
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in CORROSION-PROOF 
LININGS ... there is no 
substitute for ATLAS 

experience 


Portrayed above are a number of ATLAS lining constructions for use 
on steel or concrete. Each has definite applications where it will give 
you the best service obtainable for your operating conditions. 

ATLAS engineers have always recognized that there is no one lining 
material or construction best for all applications. Accordingly, for sixty 
years they have accumulated intensive laboratory and practical field 
data pertaining to most known corrosives. Over this period, they have 
developed materials which individually or in combined constructions 
offer the best long-term resistance. 

Knowing the corrosives involved, processing temperatures 
and other conditions, the ATLAS Technical Service will 
recommend specific materials and constructions for your 
application. They will tell you as plain facts what 

ATLAS materials will and will not do. 


INFORMATIVE DATA on ATLAS products will 
gladly be sent to you. 

Corrosion-proof LININGS . . . Bulletin 4-2 
Corrosion-proof CEMENTS . . . Bulletin 5-2 
Corrosion-proof COATINGS . . . Bulletin 7-2 


ATLAS PRODUCTS STAND 
between process AL 
and corresion PRODUCTS COMPAN 


Corrosion-proof: Cements—Coatings—Vessel Linings 
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(Continued from page 19) 


Donald H. Buchanan and his listeners 
hear his “Applications of Integral Dis- 
tillation Calculation Method.” ‘ 


general, it seemed the consensus was 
that no particular method of systematiz- 
ing chemical engineering knowledge 
could or should be adopted by chemical 
engineers. 

At the business meeting on Monday 
morning, various reports of committees 


E. W. Comings, left, headed Technical 
Session No. 12, and James G. Knudsen 
of Oregon State read his paper “Pres- 
sure Drop in Annuli Containing Trans- 
verse Fin Tubes.” 


were heard including the Tellers’ report. 
News of the election of the new officers 
was made in the December issue of 

The annual report of Council was 
read by the Secretary and is printed else- 
where in this issue. 

The third Institute Lecture, “Dif 
fusion—What We Know and What We 
Don't,” by Thomas Bradford Drew, 
head of the department of chemical 
engineering at Columbia University, will 
appear as the second volume of the 
Chemical Engineering Progress Mono- 
graph Series some time this year. 

Entertainment at Atlantic City con- 
sisted of a casino night in which guests 
were given bogus money for use at var- 
ious games of chance. An informal 
open house and entertainment on Sun- 
day evening, and a cocktail party and 

(Continued on page 32) 
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TLAS MERTZTOWN 
PENNSYLVANIA 
HOUSTON 1, TEXAS 


The dependability and long life of the Lapp Valve is _ ance of this material due to a glaze. 
due to its sound design, and to the fact that itis made _In fact the “working parts” have no 
of porcelain . . . body, plug and packing rings. Nota glaze. The smooth operation and 
coating or enamel, porcelain is a dense, homogeneous, _ pressure-tight seal characteristic of 
thoroughly-vitrified ceramic, non-porous, through-and- _—Lapp Valves result from precision- 
through acid resisting. Not even isthe corrosion-resist- _ tolerance machining... grinding and 
lapping of solid porcelain toa mirror- 

like smoothness. 
Valves and other equipment of 
Lapp Chemical Porcelain may be the 
answer to your corrosion problems. 
Write for literature. Lapp Insulator 
Company, Inc., Process Equipment 
Division, 485 Maple St., LeRoy, N.Y. 
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CHEMICAL PORCELAIN VALVES * PIPE © RASCHIG RINGS — 
PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


The Sky Around Us 


“200 Miles Up.” J. Gordon Vaeth. The 
Ronald Press °., New York (1951). 
207 + xiii pp. $4.50. 


Reviewed by R. B. Canright, Research 
Engineer, Jet Propulsion Lab., Cali- 
forma Institute of Technology, Pasa- 
dena, Calif. 


XCEPT for occasional snatches of 

fragmentary information gleaned 
from newspaper headlines, knowledge of 
the progress of the recently augmented 
field of upper atmosphere research is not 
generally possessed by the practicing 
Mr. Vaeth’s book gives an 
over-all picture of the achievements in 
this field, with emphasis placed on the 
instruments and vehicles which have 
made flights to above 200 miles possible. 
The book is essentially nontechnical 
treatment, but an outlook conditioned by 
training in physics or engineering is 
desirable for the reader. 

The first chapters deal with the struc- 
ture of the atmosphere as presently con- 
ceived, and endeavor to show the layman 
why research in this field is important. 
Then come chapters dealing with pri- 
mary measuring instruments and sec- 
ondary instruments, for observing and 
recording the information obtained from 
the flights of the vehicles. There is also 
included a chapter giving a qualitative 
treatment of the principles of rocket 
flight. The remaining chapters deal 
with the descriptions, and methods 
operation, of the vehicles most often 
used in these studies. Such vehicles in- 
clude the plastic balloons of “Project 
Skyhook,” and the V-2, and 
Viking rockets. 

The book is amply illustrated with 
sketches and photographs—in fact, the 
series of photographs of the vicinity of 
White Sands as taken from rockets at 
various altitudes up to 70 miles is the 
best this reviewer collected. 
The author is also to be complimented 
on the end plates chosen, which show 
graphically the general structure of the 
atmosphere and man’s penetrations 
through it. However, the author some- 
times emphasizes the upper atmosphere 
program at the expense of the rest of 
the rocket research program in_ this 
country, which is mainly classified for 
security reasons. 


engineer. 


Aerobee, 


has seen 


An example of this trend is given in 
Chapter 6, where he states that the 


White Sands Proving Ground, which is 
exactly what its name implies, is ‘ 
now recognized as an upper atmosphere 
rocket research center Since 
progress in the field of upper atmosphere 
research has been relatively rapid, the 
records and data quoted will rapidly be- 
come obsolete, if they have not already 
done so, such as the recent record-break- 
ing flight of the Viking to 135 miles. 
Nevertheless, “200 Miles Up” can be 
recommended to those who are inter- 
ested either in rockets, or in the upper 
atmosphere itself, or in the interplay 
of the advancements of technology with 
the advances in pure science. 


Organic Cookbook, Opus 31 


Organic Syntheses, Vol. 31. R. S. 
Schreiber, Editor in Chief. John Wiley 
& Sons, Inc.. New York. (1951) vi 
+ 122 pp. $2.75. 


Reviewed by Kenneth A. Kobe, Pro- 
fessor, Chemical Engineering, Univer- 
sity of Texas, Austin, Tex. 


INCE 1921 a volume of Organic 

Syntheses has appeared annually 
giving a number of tried and true syn- 
theses for various organic compounds. 
The procedures given are concise and 
explicit. They have been checked in 
different laboratories to insure the re- 
producibility of the results. The com- 
pounds presented are usually research 
chemicals rather than industrial chemi- 
cals which can be purchased. 

The present volume adds 41 com- 
pounds to those presented in previous 
volumes. Organic Syntheses is a must 
for the organic research laboratory. 


Books Received 


German Books on Chemical and Cog- 
nate Subjects, published 1939-1950. 
Second revised and extended edition. 

. E. Cummins and S. Vince. Lange, 
Maxwell & Springer Ltd., London, 
W.C. 2. (1951.) 102 Pp. ( Publicatio n 
not for sale. Supplied free of charge 
on request to scientific and industrial 
libraries as well as to interested indi- 
viduals.) 


Instrumentation for the Process Indus- 
tries. Proceedings of the Fifth Annual 
Symposium on Instrumentation for 
the Process Industries. Conducted by 
Agricultural and Mechanical College 
of Texas, College Station, Tex. In- 
struments Publishing Co., 912 Ridge 
Ave., Pittsburgh 12, Pa. (1950) 64 pp. 
$2.50 postpaid. 
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Solid-Solid Behavior 


Phase Transformations in Solids. R. 
Smoluchowski, J. E. Mayer, W. A. 
Weyl, Editorial Committee. John 
pays & Sons, Inc., New York. (1951) 

pp. $9.50. 


Reviewed by M. J. Sinnott, 
Professor, Chemical Enginecring, 
versity of Michigan, Ann Arbor, 


Assoc. 
Uni- 


Mich. 


HIS book is the outgrowth of the 

work of the National Research 
Council Committee on Solids whose 
principal object was to examine the 
basic problems of the solid state and to 
encourage progress in this field. The 
book deals generally with the many 
aspects of phase changes as they are 
encountered by diverse groups such as 
physicists, chemists, metallurgists, crys- 
tallographers, ceramicists, and engi- 
neers. 

The text consists of some 17 papers 
by individual authors who are experts 
on the topics they present. Each paper 
can stand alone; the only thread of con- 
nection is that some particular aspect of 
phase behavior is under discussion. An 
attempt was made to present first theor- 
etical papers, then papers on nonmetals 
and finally papers on metals. The gen- 
eral caliber of the papers is high but not 
all topics receive the same degree or 
intensity of treatment. It is apparent 
that metallic have received the 
major emphasis. The paper on Precipi- 
tation from Solid Solutions of Metals, 
for example, contains some 830 refer- 
ences and is an excellent summary of 
the present and past status of this field. 
Papers dealing with materials such as 
silicates, halides, and ferroelectrics, on 
the other hand, while interesting, are not 
as comprehensive. 

It appears that this book would be of 
more interest to those working in the 
metallic solid field and would be of only 
general interest to those working in non- 
metallics. It would not be classified as a 
reference book but is more of a survey 
of the existing data and theories of cer- 
tain phases of solid behavior. It would 
piobably not be of too much interest to 
a practicing engineer except to bring 
him up to date on some of the newer 
developments in solid-state behavior. It 
would be of great interest to the research 
and development personnel in that in the 
one volume the entire field of solid-phase 
behavior is expertly presented and well 
documented. 


solids 
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Banish Corrosion with 
“KARBATE' 


BRAND 


(mpervious Graphite Towers 


“KARBATE” TOWERS do more than retard corrosion — they eliminate 
it entirely from such processing operations as absorption, fractionation, 
evaporation, extraction, scrubbing, and many others. Furthermore, the 
widespread acceptance of impervious graphite for all types of corrosion- 
free process construction has resulted in the manufacture of monolithic 
tower sections and fittings in sizes to 24” 1.D. 


For example, the tower illustrated hete incorporates the following 
standard components: bottom section with gas inlet, liquor outlet and 
support grill; intermediate section with hand hole and packed with car- 
bon Raschig rings; short intermediate section; top section with “Karbate” 
feed assembly and wier plate distributor; and cover with gas outlet. All 
sections and fittings, including spring-loaded tie rods and heavy-steel 
pressure plates, are available for quick assembly to your specifications. 


All openings are of adequate size. Generous gas-liquid disengaging 
space is provided in the top and bottom sections. 


“Karbate” Impervious Graphite is in widespread use today. The in- 
creasing demand for corrosion-free processing equipment indicates that 
it will be the universally preferred construction material of tomorrow. 
For only impervious graphite can give you this unique combination of 
properties: 


@ STRENGTH AND EASE @ HIGH HEAT CONDUCTIVITY 
OF INSTALLATION @ RESISTANCE TO CORROSION 


@ SIMPLICITY OF FABRICATION 
AND MODIFICATION IN THE FIELD @ NON-CONTAMINATION 


The term “Karbate” is a registered trade-mark of 
l mon Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street, New York 17, N.Y. 


District Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


OTHER NATIONAL CARBONPRODUCTS = | In Canada: National Carbon Limited, Montreal, Toronto, Winnipeg 


HEAT EXCHANGERS + PUMPS «+ VALVES + PIPING + TOWERS + TOWER PACKING + BUBBLE CAPS - 
BRICK + STRUCTURAL CARBON + SULPHURIC ACID CUTTERS + HYDROCHLORIC ACID ABSORBERS 
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BARKNSTEAD 


DEMINERALIZERS 
PROVIDE LOW-COST 


PURE WATER 


for Electroplating Anodizing 
© Photographic Solutions 
© Salt-free Rinse Water © Silvering 
And Hundreds of Other Applications 


Four-bed Barnstead Deminerai Barnstead Four-Bed 
izer providing pure, high resistance 
1000 gal/h. anodizing. 30 gai/h 


Two-bed Barnstead j Four-bed Barnstead Demineralizer 
Demineralizer. Used in produces pure, sparkling-clear rinse & 
large automotive plant . water for pharmaceutical plant. 200 


Selection of the best size and type of demineralizer for your operation de- 
pends on the nature of your raw water supply, flow rate needed, daily 
demand, and degree of purity required, Send a sample of your water to our 
Laboratory and Barnstead Engineers will perform the necessary analysis 
without obligation. 


PROMPT DELIVERIES WRITE FOR FREE CATALOG 


Lanesville Terrace, Forest Hills, Boston 31, 
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(Continued from page 28) 


Awards banquet on Tuesday. 

It was at the Awards banquet that 
Commissioner Murray delivered his ad- 
dress on “Some Limitations of Science” 
in which he asked the chemical engi- 
neers to consider the implications of 

| atomic warfare. During his talk Com- 
missioner Murray said that he wanted 
the scientists to “. . . look beyond our 
stockpile of weapons, beyond atomic 


| A gaming, or “Casino Night.” Time 
to relax from “Whither Chemical Engi- 
neering Science.” 


| submarines, atomic aircraft, beyond 
| chemical discoveries, even beyond 
science. All in all it is recognized that 
science is a tool. It is a means not an 
end or a false god.” He claimed that 
“for scientists to use science well, they 
| must know something of its potentiali- 
| ties and something of its limitations.” 
As far as limitations are concerned, the 


| atomic energy commissioner said, 


| “while science can give man mastery 
over matter, it can fail to give man 
control over himself. That while he 
could experiment with tools, machines, 
and chemicals, he could not experiment 
| with souls, and lives, and honor of men 
Science never reaches ultimates and 
| even though it may smash atoms it 
| never reaches the ultimate particle which 
is this side of nothing.”” The commis- 
sioner pointed out that while science ts 
a closed system, religion and philosophy 
are open systems. In discussing the 
crisis today, he maintained that it came 
solely from the “greed of men and their 
will to power regardless of conscience.” 
In his concluding sentences Mr. Mur- 
ray followed by stating “. . . this is 
not a random world . . . . because all 
things that are made by God, man’s 
attention should never be so focused on 
science, as to neglect religion and phil- 
| osophy which can direct our lives ac- 
cording to right, reason, and charity. If 
men will not clothe their framework of 
science with the warm garments of true 
humanism, they will end up by making 
machines their god and mathematics 
their only dogma.” 
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CREATIVE 
FILTER 


ENGINEERING | 
| 


a Conkey Rotary Leaf Pressure Filter 
during regular operating cycle 


Because slow rotation of filter 

leaves in the slurry prevents 
separation (settling out) of 

solids, and insures formation 

of a uniform cake structure of 

even thickness and high washing effi- 
ciency, with positive cake discharge, 
you never need open a Conkey Rotary 
Leaf Pressure Filter during regular op- 
eration for cake discharge or other 
cyclic requirement. Thus very consider- 
able savings in filter cloth and labor 
are effected. 

Volatile or dangerous liquids may be 
handled safely. Operating cycles are 
economical. Cake building, cake wash- 
ing and dewatering are independent 
and consonant with optimum require- 
ments of each filtration. 

Filter leaves—sectored and easily re- 
movable — permit filter to be dressed 
with cotton fabric, while quick-opening 
ports permit replacement of any sector 
requiring re-dressing. Cloth replace- 
ment requirements can be readily and 
positively identified through filtrate 
sample cocks or observation tubes. For 
complete data relative to various appli- 
cations of this superior filter, write for 
technical bulletin No. 105. 


ESS EQUIPMEN 


Other General American Equipment: =a, GENERAL AMERICAN 


Turbe-Mixers, Ey aporators, 


Dewaterers, Dryers, Towers, Tanks, Wy Transportation Corporation 
Bins, Pressure Vessels Sales Office: 10 East 49th Street, New York 17, N. Y. 
General Offices: 135 Se. La Salle St., Chicago 90, IL. 
MARK 


OFFICES IN ALL PRINCIPAL CITIES TRADE In Canada: Canadian Locomotive Co., Lid., Kingston, Ont. 
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CANDIDATES FOR MEMBERSHIP IN A.|I. Ch. E. 


The following is a list of candidates for the designated 
grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch.E. 


APPLICANTS FOR 
ACTIVE 
MEMBERSHIP 


Abrams, Richard S., Wil- 
liamsville, Y. 

Allen, James B., Houston, 
Tex. 

Neil R., Minne- 
apolis, Minn. 

Anderson, Nils K., Cushing, 
Okla. 


Atwater, Robert M., 
Snyder, N. Y. 

Carlson, Walter M., Wes? 
Chester, Pa. 

Cavanaugh, Robert M., 

Chetrick, , Grand 
Forks, N. D. 

Corn, Lawrence H., Pitts- 


burgh, Pa. 
a Henry G., Naples, 


taly 
Damous, = G., Charles- 
ton, 


Dewey, Jr., Con- 
cord, 


Dodds, ol S., Chicago, 
R. K., Monsanto, 


Garrels, John C., Jr., 
Springfield, Mass. 

Gillmor, Robert E., 
Rochester, N. Y. 

Glenn, William M., 
Louisville, Ky. 

Gray, Earl H., Bartlesville, 
Okla. 

wr Ernest K., New York, 


Robert L., 
Baton Rouge, La. 
Joseph, Charles W., Jr., 
Decatur, 


Ala. 
Land, Hugh C., Drexel Hill, 
Pa. 
ar Richard D., San Pablo, 


if. 
Leuenberger, Hans, Niagara 
Falls, N. Y. 
a John G., Ann Arbor, 


Jerry, Pittsburgh, 
a. 
McNally, J., Wil- 


mington, 

Merman, G., Phila- 
delphia, Pa. 

Mitchell, Roy C., Terre 
Haute, Ind. 

Moore, John A., Texas City, 


ex. 
Newman, Henry F., 
Chicago, Ill. 


Roe, Warren A., Jr., Pitis- 
burgh, Pa. 

Siegel, Milton R., Wilson 
Dam, Ala. 

Stevens, Robert J., Hawkes- 
bury (Ont.), Canada 

Stockdale, Walter G., 
Oak Ridge, Tenn. 

Stratman, F. H., Louisville, 


Ky. 
Tennant, Frank M., Mid- 
land, Mich. 


Torrans, David J., Parlin, 


Wallman, Harold, Stam- 
ford, Conn. 
White, Philip C., 
City, Tex. 
Young, James H., Wilming- 
ton, 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Boch, Thomas R., Nitro, 
W. Va. 
- Walter J., Richmond, 


Sweny, John W., 
El Cerrito, Calif. 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 


Ainsworth, George E., 
Auburn, Me. 


Alancraig, Charles R., 


Anderson, Thomas O., 
St. Louis, Mo. 

Ashwill, Richard E., 
Wilmington, Del. 

Barnett, J. C., Monsanto, 


enn. 
Basso, John A., Negaunee, 


ich. 
Bazard, Walter S., Jr., 


Houston, Tex. 


Mass. 

Bell, Evan W., Easton, Pa. 

Benjamin, Morton, Big 
Island, Va. 

Berman, Harold B., 
Brooklyn, N. Y. 

Biedler, William Thomas III, 
Baltimore, Md. 

Brockmiller, Charles A., 
Monaca, Pa. 

Buchholz, Richard F., 
Baton Rouge, La 

Martin H., Beaver, 

a. 


Objections to 


the election of any of these candidates 


from Active he will receive careful consideration 
if received before February 15, 1952, at the Office of the 
Secretary, American Institute of Chemical Engineers, 120 


East 41st., New York 17, N. Y 


Cantwell, Kenneth R., 
Bartlesville, Okla. 
Cheshire, John R., La Porte, 


Tex. 
Christopher, Robert G., 
Brooklyn, N. 
N., Charles- 
ton, W 


. Va. 
Daly, William G., Verona, 
Pa. 
Davis, Richard, Webster 


roves, Mo. 
Deitrick, Ashton D., Jr., 
Belle, W. Va. 
Divilbiss, Richard 4. 
So. Charleston, W. Va. 
Dobson, Chris E., Wilming- 
ton, Del. 
Eccles, Edwin J., Jr., Nitro, 
W. Va. 


Englund, Stanley M., Mid- 
land, Mich. 
Frank, Stamford, 


Con 

Gangloff, Robert C., 
Barberton, Ohio 

Garrett, James E., Chihua- 
hua (Chih), Mexico 

Garrick, Henry, Pittsburgh, 


Pa. 
Haller, Allen K., Portland, 


re. 

Hildebrand, Arthur C., 
Dundalk, Md. 

Hijersted, N. B., Inde- 
pendence, Mo. 

Hoffman, George M., New 
Castle, Del. 

Hoglund, Earl B., Wilming- 
ton, 

Holland, Edward J., 
Pampa, Tex. 

Huckins, Howard E., Jr., 
New Castle, Del. 

Jones, J. Barry, Corpus 
Christi, Tex. 

Jones, Robert A., Tona- 
wanda, N. Y. 

Kalb, Walter G., Beaver, 


‘a. 

Kazanowski, Albin D., 
Cambridge, Mass. 

Kenner, Alex T., Strat- 
ford (Ont.), Canada 

Krus, Aaron, Pasadena, 
Tex. 

Larson, George P., Arling- 
ton, 


Logan, Robert P., Stamford, 


Conn. 
Lombardi, P. Joseph, 
Ozone Park, 
Lombardo, Rosario Jeceph, 
Charleston, W. Va. 
Longmire, David R., 
troit, Mich. 
McCarthy, Michael J., 
Buffalo, N. Y. 


De- 
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J. William, Midland, 
ich. 
Mooney, Richard S., Drexel 


Hill, Pa. 

Moretz, George E., Mary- 
ville, Tenn. 

Newsom, B. 1., Texas City, 
Tex. 

Norris, William L., Wads- 
worth, Ohio 

Olson, Edwin A., Wilming- 
ton, 

bay Roy N., Chicago, 


John A., 
Akron, Ohio 

Petersen, Peter J., Chicago, 


Pfander, John E., Wil- 
mington, Del. 
ro James R., Trenton, 


Daniel O., Ponca 
City, Okla. 

Reinmuth, Gene K., Borger, 

ex. 

Sample, Norris L., Mon- 
santo, ill 

Saunders, James A., 
Newark, Del. 

Schmitt, Richard W., 
Pittsburgh, Pa. 

Seibert, Charles A., Jr., 
Long Beach, Calif. 

Sirockman, John S., Jr., 
Morgantown, W. Va. 

Stallmann, Werner M., 
Rockville, Ind. 

Stern, Daniel, Baltimore, 
Md 


Sullivan, F. W., Walling- 
ford, Pa. 

Supnik, Ross H., Spring- 
field, Mass. 

Taylor, Clayton M., Terre 
Haute, Ind. 

Timm, Herbert M., 
Topeka, Kans. 

Updegrove, Robert C., 
Texas City, Tex. 

Vosseller, George V., 
Niagara Falls, 

Voznick, Heury P., Cin- 
cinnati, Ohio 

Wade, William W., Men- 
santo, Tenn. 

Walther, George F., 
So. Charleston, W. Va. 

Westerfeld, George C., 
LaPorte, Tex. 

Whildin, William M., 
Buffalo, N. Y. 

Zachariou, Renos S., Texas 
City, Tex. 

Zeitlin, Harold R., 
Chicago, ill. 

Ziccarelli, John J., Wood- 
bury, N. J. 
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A.LCh.E. TO PARTICIPATE 
IN 1952 CENTENNIAL 


PPROXIMATELY 50 national and 
international engineering organiza- 
tions will support the objectives of the 
United States Centennial of Engineer- 
ing in 1952, which will coincide with 
the one-hundredth anniversary of the 
founding of the American Society of 
Civil Engineers. Engineering societies 
and institutions of Western Europe, 
Great Britain, Central and South 
America are expected to attend. Al- 
though the celebration is nationwide in 
scope, the major events will take place 
during the summer and early fall in 
Chicago, at the Museum of Science and 
Industry and at various leading hotels, 
including the Stevens, Palmer House, 
Edgewater Beach, and the Sherman. 
The Centennial’s two principal func- 
tions will be the Exposition, highlighted 
by a summer-long pageant, and a Con- 
vocation to be held Sept. 3-13, 1952. 
The Exposition, which will be installed 
in the Museum of Science and Industry, 
will supplement the present collection of 
exhibits considered to be one of the wide-awake process men 
finest in the fields of science, engineer- 
ing and industry. Leaders in all 


branches of the engineering profession 
will be responsible for the new exhibits 
which will be opened to the public in 
July, 1952, free of charge and remain 


for at least five years. 

: The Convocation, the culminating the MODERN heat transfer medium 
feature of the Centennial, is expected 
to bring together the world’s outstand- 
ing engineers. This program will give DowrTHeRm® is efficient! Dowrnerm, with a high 
the engineer the opportunity to hear coefficient of heat transfer, speeds heating and 
discussions in his particular branch of minimizes equipment size. 

the profession and to attend sessions 
devoted to other fields and techniques DowruerM provides flexibility within the operating 
of engineering. Symposium sessions, range. Heat supply to several units at different 
covering broad fields of engineering and temperatures is possible, if desired. It also provides 
industrial accomplishment, are scheduled a high uniformity of heat control, preventing hot 


for each day throughout the ten-day spots and local overheating of your product. 
period. While the subjects will cover a 


variety of engineering and industrial If your operations require precise heating in the 
accomplishments, the presentations will 300-750° F. range, write to Dow for complete 


be sufficiently nontechnical to be of . 
information about DowTHerM. 
educational value to the general public. 


In addition there will be technical meet- 4 

ings arranged by the individual societies THE DOW CHEMICAL COMPANY 
as well as joint sessions on subjects in MIDLAND, MICHIGAN 

which two or more societies have a 
mutuality of interest. 

A special not-for-profit corporation, 
Centennial of Engineering, 1952, Inc., 
has been created to direct the over-all | TE DOW CHEMICAL COMPANY 

DEPT. DO-30 
MIDLAND, MICHIGAN 


phases of the convocation. The Amer- 
ican Institute of Chemical Engineers 
will be one of the participating societies. 
Members of A.I.Ch.E. on the board of 
directors include T. H. Chilton, 1951 
President of A.LCh.E. and _ technical 
director, engineering department, Du City 


(Continued on page 49) 
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ANNUAL REPORT OF 
COUNCIL 


HIS report ot the actions of the 


Council of the Institute covers the 
period Nov. 1, 1950 to Nov. 1, 1951. Du 
ing this period there were eight (8) 


meetings of Council held in the months 
of November, December, January, Feb- 
ruary, March, May, September and 
October, and thirteen (13) meetings of 
the Executive Committee, one in each 
month of the year and two in the month 
of January All these meetings have 
been reported in considerable detail in 
Chemical Engineering Progress, there- 
fore this report is a summation of the 
actions taken during the year. 


Membership. It is 


to report again this 


indeed gratifying 
year that the in- 


crease in membership of the Institute 
has continued at a satisfactory rate. In 
fact, the total number of new members 
is appreciably higher than it was last 
vear rhe number of new members 
elected was 1,354 compared with 1,043 
in 1950 and 1,154 in 1949 

Other factors which affect member 


ship are resignations, loss of members 
through non-payment of dues, and loss 
of members through death; the total of 
these is about the same as a vear ago, 
thus our net increase in membership is 
1008 against a net figure of 657 for 
1950 and 821 for 1949. The figures from 
which the above is derived are given in 
the accompanying tables. 

Publications. The official publication 
of the Institute has continued ito lx 
“CLE.P.” The year’s operations have 
shown a satisfactory improveme:.: over 
1950. Subscriptions have increased and 
it would appear now that the magazine 
is established and we can expect to 
operate on a self-supporting basis with 
subscription assistance trom the 
bership of the Institute, 
$4.50 of dues which are 
miagazine 

During the latter part of this , ear the 
first of the Institute Lecture Series has 
been made available, which is a 74-page 
book on Reaction Kinetics in Chemical 
Engineering by Olaf A. Hougen of the 
University of Wisconsin who was the 
second of the Institute Lecturers. No 


meni 
namely, the 
allocated to the 


INSTITUTE NEWS 


the Symposium Series publications which 
is the one on Ultrasonics. This publi- 


cation of 87 pages is the result of two 
symposia on this subject. 

The Institution of Chemical Engi- 
neers (London) has still been expe 
riencing difficulty in getting up to date 
on back issues of its Transactions. This 


is partly due to a change in its publi 
cation policy which is explained to the 
members fully in a notice which will 
accompany the 1952 dues bill. 

Copies of the 1948 Transactions of 
Ihe Institution were distributed during 
the year. The first shipment of the 1949 
Transactions has been received in this 
country and will be available for dis- 
tribution in the near future to those 
who ordered it. It is expected that the 
1950 Transactions will be available early 
in the coming year 


meetings of the In 
during the period of 
1950 annual meeting 
at Columbus, Ohio, Dec. 3-6, a meeting 
at White Sulphur Springs, March 11-14, 
one at Kansas City, May 13-16, and an- 
other at Rochester, Sept. 16-19. The 
attendance at these meetings has been 
grati‘ving and has shown a general in- 
each veat 


Meetings. Four 
stitute were held 


this report: The 


creas¢ 


Che Constitution and Bylaws 
has been active during the 
year in the preparation of a set of re 
vised bylaws vese are nearly com- 
pleted and it is expected that they will 
be available in time for inclusion in the 
Year Book for 1952 


Bylaws. 


Committee 


Accrediting. The Chemical Engineer 
ing Education and Accrediting Com 
mittee has had an active year which re 
sulted in the addition to the list of ac- 
credited curricula of the chemical engi- 


neering curriculum at ‘Kansas State 
College, University of North Dakota, 
Villanova College and the State Col- 


lege oft Washington Actions of the 
Council of the Institute in connection 
with accrediting have been reported to 
the Engineers’ Council for Professional 
Development and they have taken a like 
action so again the lists of accredited 
chemical engineering curricula of the 
Institute and ECPD are the same 

The awards of the 


Awards. several 


publication has resulted from the first Institute were presented at the Awards 
Lecture by W. H. MeAdams on Heat Dinner at the annual meeting in Co- 
Transfer ‘ lumbus. E. R. Gilliland of Massachusetts 
There are also copies of the first of Institute of Technology received the 
Membership Active Associate Junior Total 
Nov. 1, 1950 1,966 475 
Elections 396 121 
Deceased 20 1 
Resigned 6 
Dropped 37 10 
Elections Kescinded 1 1 
Nov. 1, 1951 4.298 576 6,502 11.376 
1951-1950 
1950 Increase 
Membership No % 
Active 332 
Associate 101 21.3 
Junior 575 9.7 
Total 1008 9.7 
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Professional Progress Award in Chemi- 
cal Engineering for outstanding con- 
tributions in the field ot chemical engi- 
neering and he also was the main speaker 
at the Dinner. The William H. Walker 
Award was presented to B. F. Dodge of 
Yale University in recognition of his 
excellent publications in the fields of 
Thermodynamics and Absorption 
and especially for his part in the low 
temperature process tor oxygen pro- 
duction. The Junior Award, which is 
presented in recognition of the best 
paper published by the Institute of 
which the sole author, or authors, is a 
Junior Member ot the Institute, went 
to F. M. Tiller of Vanderbilt University 
for his two papers, “Stagewise Oper- 
ations-Graphical Solution of Difference 
Equations,’ and “Efficiencies in Gas 
Absorption, Extraction, and Washing.’ 

The awards for the Student Problem 


(ras 


Contest were also presented at this 
Dinner and the recipient of the First 
Prize, the A. McLaren White Award, 


was Robert P. Bannon of the Uni- 
versity of Illinois; winner of the second 
prize was Leonard R. Brooks of the 


University of Oklahoma; winner of the 
third prize was Charles E. Wicks of 
Oregon State College. There were three 
Honorable Mention Awards which were 
received by Herbert L. Stone of Rice 
Institute, and Sanford Baranow and 
Lawrence Ansell of Clarkson College 
ot lechnology. 

The Scholarship Award program was 
continued throughout the year. This 
is an award in recognition of scholastic 
attainment during the freshman and 
sophomore years of the chemical engi 
neering curricula at those institutions in 
which the Institute has student chapters. 
The award consists of a certificate, a 
Student Membership, a Student Mem- 
ber Pin, and a two-year subscription to 
“CEP? 

The Council has continued to en 


courage the holding of Regional Stu- 
dent Chapter Conferences at which 
papers are presented by students from 


the various institutions represented. A 
certificate is awarded to the author of 
the paper judged to be the best and the 


same prize is given for the second best 
paper. In addition to the certificate, a 
one-year subscription to “C.E.P is 


awarded. 


Student Chapters. [wo new student 
chapters have been authorized during 
the year, one at Stanford University and 
another at Seattle University, which 
brings the total number of student chap- 
ters as of Oct. 31 to 96, 

The Student Chapter News has been 
continued and has also been authorized 
by Council for continuation in the com- 
ing year. 

Jan. 1, 1951 marked the beginning of 
Student Membership in the Institute 
and we are pleased to report that there 
were 2,303 Student members The 
special privilege extended to these mem- 
bers of subscribing to “C.E.P.” at $3.50 
was an attractive offer to 1,156 of the 
Student members. 

Local Sections. 


One local 


new sec- 
tion located at El Dorado, Ark., has 
been authorized during the year. As far 


as has been possible officers of the In- 
stitute have arranged to attend meetings 
of local sections and the plan is that 
this activity will be continued and we 


(Continued on page 38) 
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The Lummus Company has 
played an integral and impor- 


tant role in the unfolding story 
of chemical progress. 


Evidence? You'll find it all 
over the globe in the form 
of chemical processing units 
designed, engineered and 
constructed by The Lummus 
Company — plants whose initial 
run met or exceeded design 
capacity and never relaxed in 
performance. 


Examples ? Lummus has de- 
signed and built nearly 350 
chemical processing units, 
included among which are 
plants for producing phenol, 
resins, solvents, asphalts, alco- 
hol, acetone, toluo!, ammonium 
picrate, and for manufacturing 
catalysts. We were at the fore- 
front in providing huge styrene 
and butadiene plants to feed 
the vast synthetic rubber pro- 
gram. In providing ethylene 


manufacturing facilities, the 


name Lummus looms biggest 
of all. 


May we suggest our symbol as 
a good one to look for, believe 
in, and rely on in connection 
with your next chemical process- 
ing project? You'll find us to 
be a group with the depth of 
chemical engineering talent and 
the breadth of experience to 
tackle engineering and con- 
struction problems anywhere 
in the world. 


THE LUMMUS COMPANY 


38S MADISON AVENUE, 
HOUSTON 


NEW YORK 17, N.Y. 


CHICAGO + LONDON + PARIS *© CARACAS 
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R FILTERS:SPARKLER FILTERS | neronr 
oe (Continued from page ) 
me that it may be increased appreci 
ably. 


Activities with Other Groups. Co 
operation with other groups in the engi 
neering field has continued to be a: 
importaut activity of the Institute. The 
most outstanding activity of the yea 
has been the establishment of the Engi 
neering Manpower Commission of the 
Engineers’ Joint Council. This is a 
joint activity of the five engineering 
societies and the American Society for 
Engineering Education. An office has 
becu established at 29 West 39th Street, 
New York, and a staff has been actively 
accumulating information and has dis- 
tributed a great deal of this extensively 
throughout the country. Their activity 
has also included contact with the De 
fense Department in connection with the 
problem of proper handling of men in 
reserve status. In addition to this, the 
information collected has been of con- 
siderable use in formulating policies 
within the Selective Service System both 
for the proper handling of the cases of 
graduates and undergraduates. Reports, 
bulletins, and other information of the 
Engineering Manpower Commission 
have been circulated to the local sections 
of the Institute with the recommenda- 
tion that they give this as much publicity 
as possible, perhaps making a report at 
each meeting 

Another important committee of the 
EJC is the International Relations Com 
mittee, which has during the year con 
cerned itself with cooperation with other 
groups outside the United States, par- 
ticularly in Europe through the Confer- 
ence of Representatives of the Engi 
neering Societies of Western Europe and 
the United States, and in South America 
and Mexico through the Union of Pan 
American Engineering Societies. Your 
Secretary attended the organization 
meeting of UPADI at Havana in April 
of this year and has been serving since 
that time on the Constitution and Bylaws 
Committee 

Another far reaching activity of EJ¢ 
has been the study of the water re- 
... flow is always with sources of the United States and prepa- 
gravity, down through the ' ration of a report which has been given 
cake in a natural direction. 

this Committee studied the ater Policy 
break, Report prepared by the President's 
OF Sp Water Resources Policy Commission 
supported in a horizontal ; and a Critique was prepared on this 
position and is not sub- ‘ ; Our representatives on the EJ¢ 
ject to tensile or distortive been W. L. McCabe, F. J. Curtis, T 
strain. q Chilton and your Secretary, with D. B 

When you are looking Keyes acting as alternate. T. H. Chilton 
for fine quality filtering, will be the vice-chairman of EJ tor 
Sparkler Filters will do 1952 and it is expected that he will be 
the job the’ chairman for 1953 

, \nother activity of the Institute has 

For personal engineer- 


been in connection with the activities of 
ing service write Mr. Eric the Engineers’ Council for Professional 
Anderson. 


Development of which the Institute has 
been a member since its formation in 
1932. There are several important com- 
mittees of ECPD, namely, the Com- 
mittee on Employment Conditions for 
Engineers, Committee on Guidance, 
Committee on Principles of Engineering 
Ethics and the Committee on Profes- 
sional Recognition. The recently formed 
Committee on Student Development will 

devote its attention to the relations be- 
| tween the engineering schools, the engi- 


| neering societies and industry for the 
FILTERS 'SPARKLER FILTERS page pe 
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PARKLER 
FILTERS 
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High quality, sharp filtration has 
always been one of the prime fea- 
tures of Sparkler Filters. Many times 
Sparkler Filters have been chosen 
by experienced filtration engineers 
for this one point of superiority. 


PRELER 


ai 
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Here’s why 


... any kind of filter paper, 
cloth, or screens, and any 
filter media can be used to 
obtain maximumefficiency. 
... no breakage of the fil- 
tering surface even with 
intermittent operation as 
pressure is not required to 
hold cake in position on 
the horizontal plates. 
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CHEMICALS 


1 @ BOTANICALS, CHEMICALS, & 
INSECTICIDES. A catalog of botanical 
drugs, chemicals, insecticides, con- 
centrates and rodenticides from the 
Prentiss Drug & Chemical Co., of 
250 substances giving trade, generic 
names and common usage. talog 
also covers insecticide and rodenti- 
cide compounds, describing actions. 


2 e VINYL ACETATE COPOLYMERS. 
Custom-made formulations to meet 
user’s requirements are available 
from National Adhesives Division of 
National Starch Products, Inc. A 

plications of vinyl resin solutions in 
adhesive formulations, laminations, 
greaseproof coatings, high solids lac- 
quers, etc. Available in large range 
of molecular weights, various solv- 
ents, concentrations ranging from 
low to unusually high solids content. 


3 @ PROPANEDIOLS. From Carbide & 
Carbon Chemicals Co., two new 
diols, 2-ethyl-2-butyl-propanediol-1,3 
and 2,2-Diethyl opanediol-1,3. 
Technical bulletin describes physi- 
cal, chemical, and _ physiological 
properties and possibilities, one be 
ing that of an insect repellent since 
lower vapor pressure makes it last 
longer than other repellents. Other 
new diols are also described. 


4 @ TALL Oll IN EMULSIONS. Bulletin 
published by the Tall Oil Assoc., 
describing use of tall oil in emul- 
sions. Covers ty of emulsifiers, 
methods and equipment for making 
emulsions, uses, etc. 


5 @ TANK CLEANER. For cleaning 
aluminum tanks, Turco Products, 
Inc., announces a noncorrosive, non- 
etching cleaner. Quick rinse. 


6 @ ACRYLIC RUBBERS. Two new acty- 


by the Eastern Re- 
gional Research Laboratory. BA-12 


shows good, low-temperature charac- 
teristics and is resistant to heat, hot 


oils, boiling water, oxygen, ozone, 
and sunlight. EA-5 has somewhat 
less low-temperature flexibility but 
increased oil resistance. 


7 @ POLYESTER LAMINATING RESIN. 
Naugatuck Chemical’s new laminat- 
ing resin to withstand tem tures 
as high as 500° F. Retains feandenten 
of resin in glass fabric. Flexural 
strength between 40,000 and 47,000 
Ibs./sq.in. when ex 200 hrs. at 
300° F. Heat-resisting properties 
due to triallyl cyanurate. Physical 
data, general properties, electrical, 
and other characteristics. 


8 @ SURFACE-ACTIVE AGENT. Aerosol 
SE new with the American Cyanamid 
Co. as a detergent, rewetting, and 
surfactant for textile, paper, plastic 
industries. Material is quaternary 
ammonium compound. Active in 
acid media, hard water, salt solu- 
tions, etc. Uses explained. 


9 @ TRIALLYL CYANURATE. New prod- 
uct bulletin of American Cyanamid 
Co. on triallyl cyanurate for use in 
the pharmaceutical, pest control, and 
chemical fields. Bulletin gives physi- 
cal properties, absorption spectrum, 
stability reactions, chemical proper- 
ties, and potential applications. Tox. 


icity and bibliography included. 


10 @ VINYLTRICHLOR AND VINYL- 
TRIETHOXY SHANES. A Linde Air 
Products Co. data sheet on above 
compounds. Physical properties, 
chemical reactions, applications, 
availability, and safety precautions. 
Can be used as a — agent for 
heat-cleaned glass cloth, for polyester 
laminates, for protective coatings in 
the plastic, textile, and chemical 
fields. 


11 @ FUNGICIDE AND WATER RE- 
PELLENT. A compound containing 
copper uinolinolate which com- 
bines mildew resistance with water 
repellency is new with Nuodex Prod- 
ucts Co. as Quindex W.R. 10%. Used 
in the proofing of cotton duck, twill, 
and other textiles to meet govern- 
ment specifications for tents, pack- 
boards, etc. 


12 @ SULFUR SUBSTITUTE. To lace 
elemental sulfur in natural and syn- 
thetic rubber furnace black stock, 
Monsanto Chemical Co. has devel- 
oped 4,4’-dithiodimorpholine, trade 
name Sulfasan R. Reduces scorch in 
high modulus and high abrasion fur- 
nace black stocks. Sulfur content of 
stocks with the new compound is 
half that with free sulfur. 


14 @ DIAMINO DIPHENYL SULFONE. 
As an intermediate in the uction 
of dye stuffs, and base for ion-ex- 


Cards valid for only six months after date of issue 
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change resins, Monsanto Chemical 
Co, data on diamino diphenyl sul- 
fone. Gives formulation, physical & 
chemical properties, reactions, appli- 


cations, and bibliography. 


16 @ HANDLING METALLIC SODIUM. 
Illustrated book on handling metal- 
lic sodium, National Distillers Chem- 
ical Corp. Discusses safe handling of 
metallic sodium from 1-lb. bricks to 
80,000-Ib. tank cars. Covers use of 
sodium in industry, properties of 
metallic sodium, methods of ship- 
ping, commercial specifications, dia- 
grams of tank car and loading sys- 
tems, how to clean process equip- 
ment, safety precautions and first aid, 
describes protective clothing, etc. 


17_@ PLASTICIZER CATALOG. Car- 
bide & Carbon Chemicals Co. 76-page 
book on Flexol plasticizers. Describes 
properties, and applications in plas- 
tics, coatings, and rubber com- 
pounds. Covers dozen different plas- 
ticizers, has plasticizer selector chart 
for various resins. Gives physical 
properties of each plasticizer. Well 
illustrated, gives physical data on 
performance, etc. Dispersions also 
covered. 


BULLETINS 


22 e CONTROLLED VOLUME PUMPING. 
Milton Roy with extensive bulletin 
on motor-driven controlled-volume 


a. For use with liquids from 
1eavy viscous to light solvents, solids 
in suspensions, abrasive slurries, etc. 
Reciprocating positive, displacement 
plunger-type pump. Booklet de- 
scribes all models, gives capacity- 
pressure charts, materials of construc- 
tion, explains principle of — 
capacity regulation, etc. city- 
pressure tables included, plus dimen- 
sions, etc. 


23 TUBES & PLATES. From the 
American Brass Co. a new and ex- 
panded edition of “Anaconda Tubes 
and Plates for Condensers and Heat 
Exchangers.” Discussion of applica- 
tion, construction, tube alloys avail- 
able and their uses, plates for tube 
sheets and baffles for heat-transfer 
equipment. Manufacturing methods, 
installation data, operational factors, 
corrosion, etc. Of primary interest 
to chemical engineers designing or 
working with heat exchangers. 


24 @ VENTILATING EQUIPMENT. De- 
scriptive brochure on ventilating and 
duct-type fans by the L. J. Wing 
Mfg. Co. Specifically discussing 
Wingfoil duct fan. Pics. of installa- 
tions, types, tables of dimensions, 
capacities, etc. 


25 e FILTER. A brochure on the Her- 
cules Filter Corp.'s self-cleaning pres- 
sure-leaf filter for use with any type 
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of filter material—fibrous, granular, 
powder, or woven. Cylindrical ty 
with filter leaves suspended verticolty 
inside on a centrally located dis- 
charge pipe. Operation sizes, advan- 
tages, explanations of complete sys- 
tem in bulletin. 


26 @ STEAM COST SLIDE RULE. A 
slide-rule calculator for computing 
steam cost is offered by Cleaver- 
Brooks Co. Enables calculation in 
comparative steam costs between 
coal, oil, or gas. Accounts for system 
efficiency. 


27 @ ALUMINUM PETROLEUM EQUIP- 
MENT. An abstract of a paper from 
the proceedings of the A.P.I. on 
“The Use of Aluminum in Petro- 
leum Refinery Equipment.” Descrip- 
tion and evaluation of the metal in 
petroleum usage. 


28 @ METAL PRIMER. A technical data 
sheet on a heavy-duty, rust-inhibitive 
primer from the Prufcoat Labora- 
tories, Inc. For either ferrous or non- 
ferrous metals. For conventional 
paints as well as active-solvent pro- 
tective coatings. Primer has the ap- 
plication characteristics of zinc chro- 
mate or red lead. Effective over sur- 
faces that are already corroded, spot 
priming, etc. 


29 @ CHEMICAL EQUIPMENT. A Read 
Standard Corp. bulletin on chemi- 
cal process po aay covering bins, 
conveyors, elevators, sifters, weigh 
hoppers, mixers of seven different 
designs and Standardaire blowers. 
Tables of capacities for the blowers, 
as well as mixers. 


30 © CALIBRATION SERVICE. A bulle- 
tin describing the Fischer & Porter 
Co, service to industry on calibration 
of flow meters. Explains the service 
covering all types of fluids under 
various conditions, such as refrigera- 
tion or heating, varying specific grav- 
ity, viscosity, etc. Twenty rigs are 
used to handle liquid flow from a 
fraction of a cubic centimeter to 
2000 gals./min. Vapor and gas cali- 
bration also. 
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31 @ STAINLESS STEEL ACCESSORIES. 
A guide and reference book of stain- 
less steel products by the Schnitzer 
Alloy Products Co. Products range 
from a small nut up to tees and el- 


bows. Also equipment such as 
pe buckets, heating units, etc. 

k covers type of stainless steel 
available, two of laboratory 
corrosion data, and tables of sizes, 
dimensions, weight, and price of all 
the accessories cov 


32 @ BELT CONVEYORS. A new belt- 
conveyor carrier catalog by the 
Stephens-Adamson Mfg. Co. Car- 
riers are rotating members over 
which belt travels. Illustrations of 
design, position, dimensions, widths, 
etc., for every type of belt-conveyor 
installation. 


33 @ SCIENTIFIC APPARATUS AND 
METHODS. A quarterly publication 
of E. H. Sargent & Co. devoted to the 
latest scientific methods of laboratory 
and analytical technique. The Fall 
edition contains Sargent’s latest cata- 
log revisions, plus discussion of a 
new mercury cathode vessel. 


34 @ NEOPRENE COATING. For pro- 
tection against corrosive materials 
Gates Engineering Co. announced 
neoprene protective materials. In- 
cl a lining, uncured sheetstock 
for heavy duty tank and equipment 
lining, a putty for filling joints, a 
surface preparation applied by brush 
or spray, a skidproof coating for 
safety walks, steps and ramps, and 
an aircraft coating. Bulletin lists 

ucts, applications, accelerator to 
use, surface preparation > 
primer to use, thinner, how it's ap- 
plied, cure necessary and the amount 
of coverage. 


35 @ OBERDORFER PUMPS. Aca 

of bronze pumps made by the Ober- 

dorfer Foundries, _ Covers rotary 
umps, including a new unit 

Shick a pump 

housed in a machined block of car- 

bon for highly corrosive installations, 


unit with a rubber impeller, plus a 
description of their standard series. 
Capacity tables for various speeds 
and outlet pressures included. 


36 @ PNEUMATIC TEMPERATURE CON- 
TROL. Control from Burling Instru- 
ment Co. which is pneumatic in op- 
eration. For maximum temperatures 
of 1400° F. with standard tubes or 
2000° F. with special tubes. Unit 
acts to cut off fuel supply in tank or 
oven when temperature ex 
limit. 


37 @ FILTERS. A leaflet from the 
Eimco Corp. explaining general line 
of filters and application to industry. 
Explains general Eimco niza- 
tion, technical assistance on filtration 
problems and illustrates irstallations 


in industry. 


38 @ SACKING SCALES. A line of 
scales to sack and weigh at the same 
time in a bulletin from the Exact 
Weight Scale Co. Six models are de- 
scribed and general specifications are 
listed. Feature: scale set so material 
in fall is accounted for when pointer 
registers exact weight. Eliminates 


bag trim by operator. 


39 © GLASS-LINED ACCESSORIES. 
A bulletin describing Pfaudler’s 
heavy duty glass-lined pipe, valves, 
and fittings for chemical operations. 


Standard pipe lined with acid-resist- 
ant glass from 14 to 12 in. 

sizes on order. Heat exchangers with 
multiple inlet and sight boxes, 
flanges, valves, etc., are illustrated. 


40 « VALVES. A description of Fal- 
con-Greenw valves. Vertical 
swing horizontal check valve, triple 
action safety quick closing valve, an 
combination check and plug valv 
Stresses safeguarding of solvent a 
gas tank against fire by means 
safety quick closing valves. Can 
closed with either fusible lin 


plunger pressure, or manually. 


41 @ HEATING COWS. A descripti 
of a complete line of steam and h 
water coils for the chemical fiel 
from the Trane Co. Catalog on 
pacities, selection, performance, in 
stallation and dimension data 
coils which have a soiderless bon 
Shows construction features, meth 
of fabricating. Section devoted t 
selecting proper coils for heatin 
with data for selecting proper sur 
face, number of tubes, etc., for give 
heat rise. 


EQUIPMENT 


50 e INSULATION. Hydrous calcium 
silicate insulation by the Kaylo divi- 
sion of Owens-Illinois Glass Co. 


Cards valid for only six months after date of issue 


Chemical Engineering Progress Data Service 
I would like to obtain more information on the items 
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Graphs, tables and drawings depict- 
ing heat insulation use. Industrial 
& commercial projects. for tempera- 
tures up to 1200° F. Shows shapes 
and sizes available to insulate tubes, 
pipes, vessels, flat surfaces, etc. 


51 @ VACUUM DRYERS. Construction 
changes in Stokes vacuum shelf dry- 
ers announced by F. J. Stokes Ma- 
chine Co. to give uniform heat 
throughout shelf area. Jacketed con- 
struction prevents condensation of 
vapors passing toward vacuum con- 
nection and other new features. 


52 @ CHROME PURIFIER. A_ portable 
unit by Illinois Water Treatment 
Co. for recovering and purifying 
chromic acid anodizing baths and re- 
claiming plating and rinse waters. 
Uses ion-exchange resins to effect 
recovery. 


53 @ SHAFT SEAL. A mechanical 
seal, a product of Cartriseal Corp. 
for use where shaft is affected by 
liquids. Resistant to most liquids 
and gases. 


54 @ TEFLON-TYPE BELLOWS. \Vhere 
vibration, expansion or electrolysis 
exist Crane Packing Co. has devel- 
oped a chemically inert Teflon bel- 
lows connector. Electrically noncon- 
ductive, flexible at —94° F. & can 
withstand temperatures at 480° F. 
Mounted between flanges in line. 


55 @ RADIOACTIVE STORAGE CABI- 
NETS. For storing radioactive sam- 
ples a new cabinet by Nuclear In- 
strument & Chemical Corp. Sample 
holders are plastic cups, pressed into 
holes in the tray. Tray & holders can 
be replaced if contaminated. 


56 e CLOTH-BAG DUST COLLECTOR. 
Pangborn Corp. with new cloth-bag 


Postage 
Will Be Paid 


collector for dusts such as carbon 
black, cork, graphite, pigments, 
soaps, etc. Sizes from 5 to 40 it. long, 
or 1,360 to 10,880 sq. ft. filter area. 
Features simplified design of filter 
bags and mechanism for reclaiming 
bag dust. 


57 @ UNIVERSAL pH METER. North 
American Philips Co. announces for 
industrial testing purposes a univer- 
sal pH meter with measuring accur- 
acy of .01 pH unit with a range of 
0 to 14.15 pH. Can be used with 
glass, quinhydrone, hydrogen, and 
platin electrodes. 


58 @ SENSITIVE CHECK VALVES. For 
low-pressure applications, James- 
Pound-Clark line of ultrasensitive 
check valves. Cracking pressure is 
4 to 8 in. of water, and will hold 
against back pressure to 100 Ibs./sq. 
in. Sealing is through a poppet knife 
edge on an “O” ring. 


59 @ CO, RECORDER. Hays Corp. Co, 
recorder for determinations in large 
power plants. Combines in one in- 
strument the use of CO, measure- 
ment as a guide to combustion effi- 
ciency, thermal conductivity princi- 
ple and electronic operation. Bulle- 
tin available which illustrates and 
gives construction details, advan- 
tages, Operations, uses, etc. 


60 @ UTILITUBE. Aluminum Co. of 
America has trade-named Utilitube, 
a general purpose aluminum coiled 
tube of low cost per foot, easy work- 
ability and high fatigue strength. 
For use in fuel lines, air, vacuum sys- 
tems, refrigeration, etc. 


61 @ COMBUSTIBLE-GAS ALARM. Ex- 
plosion-proof combustible-gas alarm 
of Johnson-Williams, Ltd. for in- 
doors or out. Indicate by lights or 
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bells. Utilizes an electronic circuit to 
convert sensing-unit signals into 
alarm indications. For liquefied 
troleum plants, chemical plants, gas 
plants, etc. 


62 @ V PORT GLOBE VALVE. For 
throttling service, a cast steel V-port 
globe valve with.a special disc de- 
signed to regulate flow through four 
V-shaped ports. Product of Pacific 
Valves, Inc. Cast carbon steel with 
stainless steel trim indicator enables 
an estimation of the position of the 
disc. Available 12 up to 6 in. 


63 SPRAY NOZZLES. Nonclogging 
spray nozzles for cleaning materials, 
screens, etc., described in Link-Belt 
folder. For cleaning coal, trash 
screens, sugar beets, scum-skimmers, 
etc., for pipes 1 to 3 in. in diameter. 
Charts give capacity and gal./min. 
at pressures of 20 to 100 Ibs./sq.in. 


Graph paper having an arctangent 
ra aving an arctangent 
scale, another with 
a double arctangent coordinate is 
announced by the Orbit Electric 
Co. Permits plotting uninterrupted 
curves of data having values rangin 
from + infinity to — infinity ind - 
ing zero. Asymptotic functions be- 
come linear. Typical plots are radio- 
active decay curves, heating and cool- 
ing curves. Technical bulletin ex- 
plains theory and gives examples, 


plus sample of paper. 


65 @ FOAMGLAS INSULATION. Pitts- 
burgh Corning Corp.'s new booklet 
on Foamglas insulation for piping 
and process equipment. Details 
sizes, thermal conductivity, proper- 
ties, pipe spacing, shapes and thick. 
nesses, applications, make for a 
complete data catalog on the use of 
Foamglas for insulation of hot, and 
cold, industrial equipment. 


66 @ SCALE-FREE PIPING. A new weld- 
ing coupling consisting of two forged 
halves, which eliminates welding 
scale from piping systems is new with 
Tube Turns, Inc. Available in sizes 
from 14% throu 12 in. in carbon 
steel. Specially designed for the proc- 
ess industries to carry chemicals, 
gases, hydraulic fluids, etc. Point of 
advantage is construction which pre- 
vents burn-through or formation of 
welding icicles in the interior. A cir- 
cumferential cavity directly beneath 
the beveled welding area prevents 
the interior from extreme welding 
heat and scaling. 
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AWeat Resistant; Tough: Durable 


or packings and gaskets made of Teflon 
solve the problem of sealing against acids and 
chemicals of all kinds. 

These Teflon products, fabricated in the Gar- 
Lock factories, are unaffected by any acid and 
are highly resistant to all organic solvents and 
alkalies. They operate at temperatures from 
below —90° F. up to +500° F. and have high 
mechanical strength and a low coefficient of fric- 
tion within that temperature range. 


THE GARLOCK PACKING COMPANY, 


For use on valves, pump, rods or shafts and any 
other equipment in the chemical industry, Gar- 
LOCK produces several types of braided and molded 
Teflon packings. For gasketing flanged joints of 
all kinds, including glass and porcelain flanges, 
Teflon envelope gaskets or solid Teflon gaskets 
are available in required sizes and shapes. 

To avoid frequent shut-downs and reduce your 
packing costs, use GARLOCK packings and gaskets 
made of Teflon on all your equipment handling 
acids or chemicals. Write for pamphlet. 


PALMYRA, NEW YORK 


In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. 


RLOC 
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your processing calls for acids, — 


alkalies, salts or solvents... 


Haveg processing equipment is exceptionally resistant to al- 
most all acids, alkalies, salts and solvents—and this corrosion 
resistance is throughout its entire mass. Haveg is not a lining, 
coating or film, but a chemically resistant structural plastic. 
Scratches, gouges or chipping do not affect the corrosion re- 


sistance of the equipment. 


And because it is a structural material almost any type of 
equipment can be made of Haveg—tanks, towers, fume duct, 
piping, valves, pumps, condensers, jets and many other types 
of equipment can be economically built of Haveg. 

For more information on this unique, corrosion-resistant 
Haveg equipment, write for latest bulletin. 


HAVEG CORPORATION 


bask 
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COUNCIL REPORT 
(Continued from page 38) 


purpose of promoting the professional 
development of engineering students 
Perhaps the most outstanding activity 
of ECPD up to the present has been 
its Committee on Engineering Schools 
now referred to as the Committee on 
Education which concerns itself solely 
with the accrediting of engineering cur 
ricula. It is with this Committee that 
our Chemical Engineering Education 
and Accrediting Committee cooperates 
fully. Our official representatives are 
P. D. V. Manning, W. N. Jones, and 

G. Kirkbride. 

There has been a continued cooper- 
ation with several committees of the 
American Society of Mechanical Engi 
neers, namely, the Air Pollution Control 
Committee, the Committee on Indus 
trial Instruments and Regulators, Heat 
Cransier Division Coordinating Com 
mittee, Liaison Committee of Process 
Industries Division, Power Test Codes- 
Committee on Centrifugal and Rotary 
Pumps. We have had representation on 
the Joint Committee on Rating Re- 
frigerating Equipment of the American 
Society of Refrigerating Engineers, 
Committee on Relations with Industry 
of the American Society for Engineer 
ine Evucation, on the  Inter-Society 
Commuttce of Corrosion Engineers of 
the National Association of Corrosion 
Engmeers, the National Engineering 
Advisory Committee, and with the Na 
tional Research Council on their Con 
ference on Glossary of Terms in Nuclear 
Science and Technology, and _ their 
Division of chemistry and chemical tech 
nology also their Division of Engineer 
ing and Industrial Research 

Our cooperation as a member of the 
American Standards Association while 
onk, in its second year has been an im- 
portant activity. We have worked with 
them in the past in the establishment 
of Letter Symbols and Abbreviations for 
Chemical Engineering through their 
Committee, Z 10. At the present time, 
there is in progress the preparation of a 
standard set of Graphical Symbols and 
\bbreviations for Use on Drawings 
particularly in the chemical engineering 
field. Another committee of the ASA 
which is relatively new but quite active 
is the Chemical Industry Correlating 
Committee which concerns itself mainly 
with specifications for materials of con- 
struction for equipment. Other com- 
mittees of the ASA in which we hav« 
been active are: the Safety Code Com- 
mittee for Mechanical Refrigeration, 
the Standard Code Committee for Pres 
sure Piping, the Committee on Allow- 
able Concentration of Toxic Dusts and 
Gases, and the Safety Committee for 
Dry Cleaning Units 

rhe Council reports the passing dur 
ing the year of the following members 
and in so doing expresses a feeling of 
real loss to the Institute: Active Mem- 
bers: A. P. Beardsley, N. G. Bradford, 
E. S. Cavett, A. R. Franck, E. ‘ 
French, S. L. Handforth, W. P. Heath, 
H. Howard, P. C. Kaiser, W. G. Krumm 
rich, A. P. Lee, J. P. Maider, A. E 
Marshall, F. H. Merrill, D. V. Moses, 
W. I. Nevius, E. E. Ware, J. N. Wickert, 
H. V. Wright. Associate Member: 
W. C. Frishe. Junior Members: M. T 
Pawel and C. E. Shafer, Jr. 


(More Institute News on page 46) 
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a new application 


of centrifugal force 


Substantial savings in capital investment and 
operating costs for producers of electrolytic 
caustic soda ... the result of a new Sharples 
Corporation development which makes use of 
a heretofore unexploited phenomenon—the 
solubility of “‘insoluble’’ sodium sulphate in 
brine, in a super gravitational field. 


The name Sharples is usually associated with 
a complete line of centrifuges; however many 
significant innovations in process engineering 
emerge from our constant research with 
industry in the more effective application of 
centrifugal force. 

Sharples’ doors are always open. . . 
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SHARPLES 


THE SHARPLES CORPORATION « 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 


NEW YORK © BOSTON © PITTSBURGH ¢ CLEVELAND ¢ DETROIT ¢ CHICAGO ¢ NEW ORLEANS © SEATTLE « LOS ANGELES « SAN FRANCISCO 
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ies the application 
HILLS-MSCANNA 
Saunders Patent 


I you are conveying corrosive or hard-to-handle fluids, a Saunders 
Patent Diaphragm Valve may be the answe~ to your valving problems. 
If so, the experience recorded in the five volumes illustrated above is 
your best assurance of getting the right valve for your needs. In these 
records are body and diaphragm material recommendations for handling 
some 2500 substances, based on Hills-McCanna’s nearly 20 years’ expe- 
rience in the manufacture and application of Saunders Patent Valves. 
If you have a tough valving problem, let this “know-how” work for you. 
Hills-McCanna Saunders Patent Diaphragm Valves are made in sizes 
from %” to 14” for manual, automatic or remote operation with a choice 
of 13 diaphragm materials and 48 body materials. Write for complete 
information. HILLS-McCANNA CO., 2438 W. Nelson St., Chicago 18, Ill. 


HILLS-MCCANNA co. 
saunders patent 
diaphragm valves 


Also manufacturers of — Proportioning Pumps 
Farce-Feed Lubricators Magnesium Alloy Castings 
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Secretary’s Report 
S. L. TYLER 


HE Executive Committee of the 

Institute met at the Haddon Hall, 
Atlantic City, N. J., Dec. 1, 1951. Min- 
utes of the Nov. 7, 1951, meeting were 
received and approved with minor 
changes. Applicants for membership 
whose names appeared in the November 
issue of “C.E.P.” were elected as of 
Jan. 2, 1952, to the grades of member- 
ship indicated. 

Student members numbering 165 were 
elected for 1952 which obviously is only 
a part of those who will ultimately be- 
come Student members for 1952. Con- 
firmation of the interim appointment of 
R. S. Aries as representative of the 
Institute at the 24th International Con- 
gress of Industrial Chemistry, Paris, 
Nov. 25-Dec. 1, 1951, was voted. Names 
of Paul F. Opitz, T. Ellis Peak, Jr., J. 
L. Fischer, J. E. Rothfleisch and H. E. 
Reichenberg were added to the Suspense 
List as these members had recently en- 
tered the Armed Forces. The following 
student chapter counselors were ap- 
pointed upon recommendation of J. S. 
Walton, chairman of the Student Chap- 
ters Committee: H. D. Sims to succeed 
A. H. Cooper at Bucknell University, 
G. C. Szego as counselor of the new 
student chapter at Seattle University, 
and R. R. Paxton as counselor of the 
new student chapter at Stanford Uni- 
versity. 

The Council of the Institute met at 
Haddon Hall, Atlantic City, N. J., Dec. 
1 and 2. The meeting on Dec. 1 was 
devoted to a discussion with various 
conmnittee chairmen of the activities of 
their committees and the future plans. 
This type of meeting is an innovation 
but was found to be satisfactory and 
educational and it is expected that at 
least one such meeting will be held an- 
nually in addition to committee chair- 
men appearing before Council at meet- 
ings when special matters are to be 
discussed. 

The meeting on Dec. 2 was devoted to 
the regular agenda items. The Minutes 
of the Oct. 12 Executive Committee and 
Council meetings were received and 
approved as well as the Minutes of the 
Executive Committee meeting of Nov. 7. 

The recommendations of the chairmen 
on membership of the various standing 
committees of the Institute were re- 
ceived and the appointments of com- 
mittee personnel for 1952 made, also 
Institute representatives serving with 
other groups. 

A budget for 1952 covering the activi- 
ties of both the Institute and “C.E.P.” 
was presented and accepted. 


(Continued on page 48) 
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NO WEATHER DAMAGE! 
NO SPILLAGE! 
NO CONTAMINATION! 


REDLER Conveyors and Elevators Move, 
Place and Reclaim Bulk Chemicals Stored 
in Outdoor Tanks 


Insecticide chemicals handled to and 
from outdoor storage tanks must be 
fully protected against the elements, 
foreign materials and loss of volume. 
S-A engineers provided an installa- 
tion of REDLER Conveyor-Elevators 
to assure volume handling with clean- 
liness, efficiency and economy. 


50 years experience 


For the past 50 years S-A engineers 
have dealt successfully with all types 
of bulk materials handling problems. 
They have a complete line of bulk 
handling equipment from which to 
recommend the exact type of equip- 
ment best suited for your needs. Write 
for a free survey by an S-A engineer. 


with bulk handling 


CALIFORNIA SPRAY. 
CHEMICAL CORPORATION 
Richmond, California 
At this plant fine-mesh bulk chem- 


icals are deposited in and withdrawn 


from eight outdoor steel storage tanks. 


Three REDLER Elevators lift ma- 
terial through enclosed casing to top 
of tanks and distribute it through a 
long, horizontal REDLER Con- 
veyor. Other horizontal REDLER 
Conveyors reclaim chemicals below 
the tanks for delivery to processing 
operations. Through a gate-regu- 
lated, two-way chute, from the one 
elevator shown, chemicals may either 
be returned to the tanks or moved to 
the plant through the horizontal 
REDLER Conveyor shown in the 


Los Angeles, Calif. * Belleville, Ontario 


57 Ridgeway Avenve, Aurora, Illinois are. 


foreground, 


DESIGNERS AND MANUFACTURERS OF ALL TYPES OF BULK MATERIALS HANDLING EQUIPMENT 


Vol. 48, No. 1 Chemical Engineering Progress 


Page 47 


| 
| 
STEPHEN PADAMSON 


Right: Cross-section of Lowrence 
Vertical Top Suction Pump for 


Below: Vertical Top Suction Pump. 


VOLATILE LIQUIDS 


— Under a Low Net Positive Suction Head (NSPH) 
— Under a High Vacuum 
— Without Air or Vapor Binding 


When handling volatile liquids under a very low Net Positive Suction Head— 
from evaporators, for example — a horizontal pump is apt to become vapor-bound. 
Air or vapor binding is impossible if you install the Lawrence Vertical Top Suction 
Pump illustrated above. Extremely high vacuums are maintained by filling the space 
around the packing box with water or some other sealing liquid. The costly delays 
and shutdowns resulting from vapor binding and loss of vacuum are completely 
eliminated. 

Lawrence Vertical Top Suction Pumps can be furnished 
in special resistant metals and alloys to handle the most 
corrosive and abrasive acids and chemicals. 


Send for Bulletin 203-4 for com- 
plete summary of acid and 
chemical pump data. 


LAWRENCE 
MACHINE & PUMP CORPORATION 


375 MARKET STREET, LAWRENCE, MASS. 
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SECRETARY'S REPORT 
(Continued from page 46) 


Upon recommendation of C. E. Ford, 
chairman of the Local Sections Com- 
mittee, it was voted to authorize the 
formation of the Terre Haute Section 
of the Institute with headquarters at 
Terre Haute, Ind. 

The Council accepted with regret the 
resignation of R. L. Murray as a Direc- 
tor of the Institute, whose elected term 
had one year to run. Ralph H. Price 
of Texas City, Tex., was appointed to 
serve as a Director for this one year. 

The Secretary presented the report 
of the Tellers’ Committee and in ac- 
cordance with the requirements of the 
Constitution, the Council declared the 
elected officers for 1952, Director for 
1952, and Directors for a three-year 
term beginning Jan. 1, 1952, as follows: 

President.............William IL. Burt 

Vice-President... .William T. Nichols 

Treasurer Carl R. DeLong 

Secretary 

Director for one year (1952)— 

William T. Dixon 

Director ior three years, starting Jan. 

1, 1952—J. Henry Rushton, Philip 
H. Groggins, Joseph C. Elgin, Ar- 
thur K. Doolittle 

The Council voted approval of an 
Institute meeting to be held at Glenwood 
Springs, Col., in 1954. 


TREASURER’S REPORT 
The financial position of the Institute as 


to cash and bonds at Oct. 31, 1951, and 
compared with the previous year was as 


follows 
1951 1950 

Total bank bal- 

.-$109,794.98 $ 67,900.12 
Negotiable 

face value 25,000.00 
S. Savings 

Bonds, at cost .. 45,140.00 45,140.00 


Total cash and 
bonds +» - $179,934.98 $138,040.12 


Market value of 
negotiable bonds$ 24,775.01 $ 25,467.19 


Nov. 29, 1951 C. R. DeLong, Treasurer 
ANTIQUITY OF 
CHEMICAL ENGINEER 


D. D. Berolzheimer, chemical con- 
sultant and bibliophile, has called to the 
editor's attention what he believes is the 
earliest use of the term “chemical engi- 
neer.” According to Dr. Berolzheimer, 
the Dictionary of Arts, Manufactures, 
and Mines, published in London in 1839, 
has on page 1220, a description of the 
construction of lead chambers for sul- 
furic acid manufacture. There the au- 
thor says, “Provision should therefore 
be made against this event by the chem 
ical engineer.” This was printed im 
1839, and should our readers know of 
any earlier use of the term, “C.E.P.” 
would be glad to make note of it. 
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1952 CENTENNIAL 


(Continued from page 35) 


Pont Co., Wilmington, Del. E. R. 
Weidlein, president, Mellon Institute of 
Industrial Research, Pittsburgh, 
and Robert E. Wilson, chairman, Stan- 
dard Oil Company of Indiana, Chicago, 


Ill. 


Headquarters will be at the Museum | 


of Science and Industry, whose 
dent, Major Lenox R 
president of the corporation. 
W. Edwards, on leave of 
Illinois Institute of Technology 
ordinate the Centennial 

Charles F. Kettering, director and re- 
search consultant for General Motors, 
is chairman of the executive committee. 
E. L. Chandler, 
A.S.C.E., 


manager. 


presi- 
Lohr, is 


, will co- 
program. 


assistant secretary ot 
has been named convocation 
The heads of the 
mittees to coordinate 
numerous 

Howard F. 
tor of the 
Association, Chicago, and G. 
Kennedy, assistant to the 
the Portland Cement 


two com 
participating societies are 
Peckworth, managing direc- 
American Concrete 
president of 
Association. 


COLUMBIA INSTITUTES 
ENGINEERING CENTER 


Many men in industry and the chem- 
ical engineering profession have en- 
dorsed plans for the new Columbia Uni 
versity Engineering Center, Dr. John R. 
Dunning, dean of engineering, said re 
cently. 

The Engineering Center will be lo- 
cated at Riverside Drive and 125th 
Street in New York. One building on 
the site is already partly occupied. Com- 
pletion of the project is expected in time 
for Columbia University’s bicentennial 
anniversary in 1954. A $22,150,000 
fund-raising campaign to build, equip, 
and staff the Engineering Center is 
underway now. 

The campaign program for its chem- 
ical engineering center opened with a 
dinner Dec. 5 at the Waldorf Astoria. 
Representatives of engineering societies, 
trustees of the University, and other 
professional and industrial leaders were 
guests of honor. Ex-President Herbert 
Hoover was the keynote speaker. 
speakers included 
Donovan, special adviser to Gen. 
Dwight D. Eisenhower, university 
president; Dr. Grayson Kirk, vice-presi- 
dent-provost of Columbia: and Dr. John 
R. Dunning, dean of engineering 

The a single 
organization three engineering 
The 
Ad- 
and a 
Research in 


Gen 


William J. 


center will bring into 
factors 
and practice 
Institute of 
Science 


education, research, 


plans provide for an 
vanced Engineering 
Division of 
Engineering. 
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NIAGARA AERO HEAT 
EXCHANGERS give sustained full 
capacity in cooling and condensing 


with no dependence on cooling water... 


eliminating the problems of water 
supply, availability, temperature, 
or quality. 


« Niagara Aero Heat Exchangers at a Plant of the Heyden Chemical Corp. 


Still Operations Improved 
by a New Cooling Method 


@ NIAGARA AERO HEAT EXCHANGERS cool the 
reflux supply or condense vapors at a vacuum by controlled — 
evaporation of water directly on the heat exchange surfaces. 

Liquid or vapor temperatures are always held constant by | 
the Niagara “Balanced Wet Bulb” control method, which — 
automatically varies the cooling effect proportionately to the 
load. The distillation is therefore uniform throughout all 
changes in climatic conditions the year around; it is the 
same in the heat of summer as in the freezing cold of winter. 
Continuous maximum production is thus insured. 

Non-condensibles are effectively separated at the conden- 
sate outlet, with notable sub-cooling after separation for 
greater vacuum pump efficiency. 

Use of Niagara Aero Heat Exchangers reduces your oper- 
ating costs and removes many sources of your troubles in dis- 
tillation column operation. Ask for new bulletin #120. 


NIAGARA BLOWER COMPANY 


Over 35 Years Service in Industrial Air Engineering 


Dept. EP, 405 Lexington Ave. 


Experienced District Engineers in all Principal Cities of U 
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FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the A.l.Ch.E. Program Committee 
Walter E. Lobo, The M. W. Kellogg Co., 225 Broadway, New York 7, N. Y. 


MEETINGS 

Atlanta, Ga, Atlanta 
Hotel, Mar. 16-19, 1952. 
Technical Program Chairman: H. E 


O'Connell, Ethyl Corp., Box 341, 
Baton Rouge, La. 


Lick, Ind., 


Biltmore 


French French Lick 


Springs Hotel, May 11-14, 1952. 

Technical Program Chairman: W. 
W. Kraft, The Lummus Co., 385 
Avenue, New York, 


Chicago, Ill, Palmer House, Sept 

11-13, 1952. 
Technical Program Chairman: 
D. A. Dahlstrom, Chem. Eng 
Dept., Northwestern University, 
Evanston, III. 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec 
7-10, 1952. 

Technical Program Chairman: R. L 
Savage, Dept. of Chem. Eng., Case 
Inst. of Tech., Cleveland 6, Ohio. 


Biloxi, Miss., Buena Vista Hotel, 
Mar. 8-11, 1953 

Technical Program Chairman: Nor- 
man A. Spector, Vitro Corp., 233 
sroadway, New York 7, N. Y. 

loronto, Canada, Royal-York Hotel, 
April 26-29, 1953 

Technical Program Chairman: Bry- 
mer Williams, Dept. of Chem. and 
Met. Eng., University of Michi 
gan, Ann Arbor, Mich 


Annual—St. Louis, Mo., Hotel Jef- 
ferson, Dec. 13-16, 1953. 


SYMPOSIA 


New Types of Equipment for Use 
in Process Industries 

Chairman: D. M. Considine, Market 
Extension Div., Ind. Div., Minne- 
apolis-Honeywell Regulator Co., 


Authors wishing to present papers at a scheduled meeting of the A.1-Ch.E. 
should first query the Chairman of the A.I.Ch.E. Program Committee, Walter 
E. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. 
are judged at every meeting and an award is made to the speaker who delivers 
Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman of the sympositm and one to the Technical Program 
meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor's 
Manuscripts not received 70 days before a meeting cannot be considered 


carbon should go to the Editor, F 


his paper im the best manner 
local sectior 


Chairman of the 


office 


7th and Grange Sts., Philadelphia. 
Pa. 


Meeting—Atlanta, Ga. 


Market Research 

Chairman: R. M. Lawrence, Mon- 
santo Chem. Co., St. Louis 4, Mo. 

Meeting—Atlanta, Ga. 


Vacuum Engineering 


Chairman: W. W. Kraft, The 
Lummus Co., 385 Madison Ave- 
nue, New York, N. Y. 

Meeting—French Lick, Ind. 


Distribution of Chemicals 

Chairman; D. A. Dahlstrom, North- 
western University, Evanston, Ill. 

Meeting—Chicago, 


Human Relations 

Chairman; R. L. Demmerle, General 
Aniline & Film Corp., 230 Park 
Ave., New York, N. Y. 

Mecting—Cleveland, Ohio. 

Modern Statistical Methods in 
Chemical Engineering 

Chairman: C. Daniel, Engineering 
Statistician, 116 Pinehurst Ave., 
New York 33, N. Y. 

Veeting—Cleveland, Ohio. 


Filtration 

Chairman: F. M. Tiller, Dir., Div. 
of Eng., Lamar State College of 
Technology, Beaumont, Tex. 


Chemical Engineering in Hydro- 
metallurgy 


Chairman: John D. Sullivan, Battetle 


Memorial Institute, Columbus, 


Ohio. 


Co-Chairman: John Clegg, Battelle 
Memorial Institute, Columbus, 
Ohio. 


Fluid Mechanics 


Chairman: R. W. Moulton, Head, 
Dept. of Chem. Eng., University of 
Washington, Seattle, Wash. 


Before 
The 


Presentations of papers 
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TWIN CITY 


New officers for this Section for 1952, 
elected Nov. 20, are as follows: 


Chairman ....Jose Calva 

Vice-Chairman.........William Podas 

Secretary Russell Fredrickson 

Treasurer.... Robert Bancroft 

Directors — Fred Wehmer, Walter 
Carlson, Edgar Piret 

At the Nov. 21 meeting the first 
speaker was Charles E. Matson from 
the quality control unit of Minnesota 
Mining and Manufacturing Co.'s tape 
department. Mr. Matson’s talk was on 
“Variation,” its mathematical meaning 
and its use in quality control of manu- 
facturing. 

Morris J. Reot, research assistant of 
the Raymond Laboratories, St. Paul, 
gave a general picture of cosmetics re- 
search. 

Reported by R. H. Fredrickson 
and J. B. Calva 


OHIO VALLEY 


The Dec. 3 meeting of this Section 
was held jointly with the Instrument 
Society of America and the American 
Institute of Electrical Engineers at the 
Engineering Society headquarters in 
Cincinnati. Following the dinner Ed. 
Mitsch, superintendent of electrical 
production at Cincinnati Gas and Elec- 
tric Co., discussed “A New Power Sup- 
ply for Cincinnati.” 

Philip E. Ohmart, president of the 
Ohmart Corp., gave the principal talk. 
Hie has discovered, it is claimed, a 
method of producing electric current 
irom radioactivity. Some of the possible 
applications are to measure liquid level, 
pressure and vacuum, temperature, rates 
of corrosion, and the analysis of gases 
and alloys. 

This Section’s meeting on Nov. 5, 
1951, was an inspection trip through the 
Hilton-Davis Chemical Co., manutac- 
turers of pigments, dyes, and inter- 
mediates. 


Reported by N. W. Morley 


CHICAGO 


Approximately 200 members and 
guests met at the Clearing Industrial 
Club Dec. 12 for a social hour and din- 
ner. This was the third meeting of the 
season and it was the largest meeting 
of this Section. 

Hobart P. Young, assistant superim- 
tendent of the fatty acid plant of 
Armour & Co., described the layout and 
special features of this new chemical 
plant which went into operation in 1948. 
Mr. Young’s talk was brief to allow the 
group to make a tour through the plant. 

Reported by Thorpe Dresser 
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EAST TENNESSEE 


The 30th general meeting was held 
in the foremen’s conference room, Ten- 
nessee Eastman Co., Kingsport, Tenn. 
Eight members were present. Lawrence 
Cox, director of Air Pollution Control | 
for the City of Kingsport, spoke in- 
formally on “The General Aspects of 
Smoke and Fume Abatement.” He out- 
lined the general history of smoke abate 
ment, and the cost of air pollution was 
reviewed briefly. 

The work of the Air Pollution and 
Smoke Abatement Association of Amer- 
ica was described. This organization is 
composed of people interested in air 
pollution control. Its fundamental pur- 
poses are the exchange of ideas between 
interested persons and the advancement 
of new or improved methods. 


Reported by J. K. Pannill 


EL DORADO 


A dinner meeting, attended by 40 | 
members and guests, was held at Dewey's 
Steak House in El Dorado, Ark., Oct. 
26. Lewis H. Mahony, application engi- | 
neer for the Mixing Equipment Co., 
Inc., Rochester, N. Y., presented a talk 
entitled “Mixing in Applied Chemical 
Engineering.” Mr. Mahony discussed 
the design and application of agitated 
systems and provided a discussion of re- | 
cent and potential developments in deter- 
mining size, speed and impeller require- 
ments for operations which require 
mixers. Two movies were presented that 
demonstrated the effect of impeller de- 
sign and impeller position on mixing. A 
demonstration mixing tank was set up 
following the talk to show actual mixing 
effects. 


Reported by R. L. Alexander 


EASTERN CONNECTICUT 
CHEMICAL ENGINEERS’ 
CLUB 


This organization held its initial 
meeting Dec. 13, 1951, at Clark's Res- 
taurant in Willimantic. The meeting 
was attended by 26 men. The speaker 
was Thomas H. Chilton, President of 
the A.I.Ch.E., whose topic was “Why is 
an Engineering Society.” After adop- 
tion of bylaws the following officers 
were elected: 


Chairman—Richard C. Berry, Rogers 
Corp. 

Vice-Chairman — David H. Fields, 
American Thread Co 

Sec’y-Treas.—]. Lloyd McCurdy, Dow 
Chemical Co. 

Executive Committee—Solomon 
masian, Plastic Film Corp.; Ken- 
neth E. Everett, Powdrell & Alex- 
ander; Raymond Rosenfield, New 
England Chemical Works 


Reported by R. C. Berry 


(More Local Section News on page 52) 
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These are high alloy jet 

engine rings...all the work being done 

in our shop, starting with the centrifugal casting right 
through to the finished ring. 


Centrifugally cast metal gives an exceptionally fine, dense, 
uniform grain structure. The strength of the metal ap- 
proaches that imparted to a bar or ingot when it is hot 
forged. It produces an ideal metal for the tough service 
required of jet engine parts. 


Incidentally, as evidence of our knowledge of and experi- 
ence with tough alloy castings — static as well as centrifu- 
gal — the records show very few rejections by this engine 
manufacturer who subjected each of the many rings we 
furnished to his own very rigid tests. 


May we suggest that you let Duraloy work on your high 
alloy castings — chrome iron, chrome nickel or nickel 
chrome? We have the experience and facilities for turning 
out high quality castings. 


tat DU MALU company 


2 East Street. New tk i? 
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JOHNSTON PUMPS 
ARE A SURE CURE! 


Don't blow a fuse because you are 
overloaded with pumping troubles. The 
steep head-capacity and flat horse- 
power characteristics of Johnston 
Vertical Turbine Pumps prevent over- 
loading of the motor regardless of 
fluctuations in capacity or head. Low 
starting torque requires less horse- 
power and results in higher efficiency 
and longer life of the motor. 


The Treatment Is Painless 
Every Johnston Pump is engineered 
for the specific duty for which it is 
intended. Trained hydraulic engineers 
are available at your nearest Johnston 
dealer or at the Johnston factory to 
furnish detailed information, propos- 
als and anything else necessary to 
eure your particular 
pumping malady. 

K The Johnston Wonder Drug 
Johnston Turbine 
Pumps are ideally suited 
for industrial and municipal 
applications because of their non- 
overloading characteristics, simplicity 
of construction, compactness, ease of 
installation, elimination of priming, 
low starting torque, capacity adjust- 
ment features and minimum mainte- 
nance costs. 


fue 

No matter what your pumping job, 

contact your nearby Johnston Dealer 


or write the factory direct for a free 
di of your p headach 


COMP: 


JOHNSTON PUMP COMPANY 
3272 EAST FOOTHILL BLVD., PASADENA 8, CALIF. 


Headquarters for Vertical Turbine, Mixflow and 
Propeller Pumps Since 1909 
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At the microphone shown above Jack 
Curran, regional director, United Gas, 
Coke and Chemical Workers, CIO, 
talked before the New York Section at 
the Brass Rail Restaurant, New York, 
Nov. 29, 1951. He covered the subject 
of union objectives and how unions oper- 
ate, advantages to members, manage- 
ment relationships, and professional 
chemical unions. The other gentlemen 
in the picture are left to right: Warren 
H. Leverett, National Zinc Co., and 
Frank B. White, Foster Wheeler Corp. 


CHARLESTON 


The second meeting of this Section 
for the year 1951-52 was held Nov. 20 


at the Charleston Recreation Center at | 


which 121 members and guests were 
present. After the business session 
Thomas H. Chilton, President of 
A.L.Ch.E., addressed the meeting on the 
subject “Why Is An Engineering So- 
ciety?” Dr. Chilton reviewed the pur- 
poses of engineering societies in general, 
and of A.I.Ch.E. in particular. He 
discussed first’ the activities which 
are directed toward the advancement of 
chemical engineering in theory and prac- 
tice, including the several publications, 
the national and regional meetings, and 
the work of the national committees. 
He touched upon the standards for the 
three grades of membership in the Insti- 
tute, support of the E.C.P.D., and par- 
ticipation in the E.J.C. 


Reported by G. K. S. Connolly 


NORTHERN CALIFORNIA 


At the Dec. 17 meeting held in the 
Engineers Club in §S Francisco 
Monroe E. Spaght. president of Shell 
Development Co., talked on “Selection 
and Planning—The Business in 
search.” 


San 


The 1951 directory contains in addi- | 
tion to a list of this Section’s members | 


their affiliations, a summary of 1950 
meetings, and the bylaws of the Section. 
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Re- | 


the proper selection of 
spray nozzles 


You'll find Binks Spray Nozzle 
Bulletins full of helpful informa- 
tion on correct nozzle applica- 
tions, and on selecting proper 
capacity. Drop us a card telling 
us which of the following bul- 
letins you need. No obligation. 
of course. 
Small and medium capacity 
Rotojet nozzles for air washing as 
well as applying rust-proofing,. 
cleaning, and rinsing solutions to metal 
surfaces. Hollow-cone spray pattern. 


Nozzles for brine 
spraying operations. 


Rotojet nozzles for chemical 

P ing, metal cleaning and treating 
Large copacty one ee 

Rotojet nozzles for use where a large 

volume of liquid is handled...spray 

ponds, water cooling. 


[BULLETIN 14) Nozzles for metal cleaning 


operations. 

Preumatic 
Nozzles for humidifying and spraying 
water, chemical solutions, oil, etc., in a 
completely atomized form. 

Spree 
vane-type, producing uniform, full-cone 
spray for industrial processes such 
as air and gas washing. 

Atomizing Nozzles for 
maximum fluid breakup in applications 
requiring diffusion of liquids. 


Binks L 


MANUFACTURING CO 


A COMPLETE LINE OF COOLING TOWERS - SPRAY NOZZLES 


3114-32 Carroll Ave., Chicago 12, Illinois 
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COLUMBIA VALLEY 


The Nov. 27, 1951, meeting of this 
Section was held at the Lewis and Clark 
School in Richland. 

Results of recent balloting on revis- 
ions to the bylaws were as follows: 


1. It was voted to add a paragraph to 
the bylaws regarding the objects of 
the Section to encourage “The pro- 
motion of cordial and helpful rela- 
tions with local engineering and scien- 
tific organizations for the social and 
professional benefit of all.” 

2. A line of succession for membership 
of the executive committee was ap- 
proved 

3. The fiscal year was changed from a 
calendar year to one beginning June 1 
with officers to be elected in May in 
stead of December 

4. In agreement with (3) it was voted 
that the present officers remain in 


office until May, 1952. 


The speaker of the evening was F. W. 
Schumacker, associate director of the 
process division, Standard Oil Develop- 
ment Co. His topic was “Fluidized 
Solids Technique and Its Application.” 
Mr. Schumacker gave a vivid picture 
of the fluidization process as applied to 
catalytic cracking in the petroleum in- 
dustry. A model fluidizing apparatus of 
glass was used to demonstrate fluidiza- 

tion. 
Reported by Cari F. Falk 


TEXAS PANHANDLE 


This Section held a meeting Dec. 10, 
1951, at Phillips, Tex., with 42 in at- 
tendance. 

The program for the evening included 
a talk titled, “Training of the Engineer 
in Industry,” by L. P. Sumpter. super- 
intendent of operating division, natural 
gasoline department, Phillips Petroleum 
Co. Mr. Sumpter expressed his views 
on the curricula for formal education 
and the need for further training in 
industry. Mr. Sumpter also covered the 
philosophy underlying the engineering 
training in industry and offered the 
group a basis for measuring one’s per- 
sonal success. 


Reported by Henry WW. Hennigan 


PITTSBURGH 


Development of the vinyl plastics in- 
dustry is an outstanding example of 
technical advancement chemical 
engineering at their best. This was the 
theme of an address by O. E. Isenburg, 
field sales manager of plastics mater- 
ials, B. F. Goodrich Chemical Co., 
Cleveland, Ohio, before members of the 
Pittsburgh Section at the Dec. 5 dinner 
meeting, held at the College Club. Mr. 
Isenburg’s subject was “Chemical Engi- 
neering Teamwork in the Vinyl Indus- 
try.” A display of a wide range of 


(Continued on page 54) 
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FLORIDIN 
ADSORBENTS 


Natural gas is dehvdrawd 
by use of a Floridin prod- 
uct in this modern plans 
of imporiant company 
operating in the Southwess. 


Florida Fullers Earth 
Activated Bauxite 


at many paris 


Adsorbent Filter Aid Orying Agent 

Agent Cotolyst Filler ; 
Colloidal Gel Catalyst Corrier Suspension Builder 
Flocculont Cotalyst Binder 


in many Uses 


Oil Refining Pipe Line Drying 
Desulfurization Polymerization 
Dehydrogenation Treatment of Waste 
Solvent Reclamation Selective Catalysis 
Woter Treutment 
F lation of b icides and Fungicid 


Ask for Floridin bulletins...... 
File them for ready reference 


FLORIDIY COMPANY 


Adsorbents...Desiccants ... Diluents 


DEPARTMENT 0, 220 LIBERTY ST. WARREN, PA. 
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| vinyl plastic products and a motion pic- 
| ture film featured Mr. Isenburg’s talk. 
Reported by Hugh L. Kellner 


PIPING ROCHESTER 


The second meeting of the year was 
held Nov. 14, 1951, at Rundell Memorial 
Library. The speaker of the evening 

. ce | was Clifford C. Furnas, director of the 

Cornell Aeronautical Laboratory in 
| Buffalo, N. Y. Dr. Furnas’ talk covered 
many phases in the development of com- 

mercial, military, and private aviation 

and gave his predictions on where he 
thought these developments would lead 

There were approximately 35 persons 

present at the dinner in honor of Dr. 

Furnas at Lorenzo’s Restaurant, and 

about 60 present at the meeting. 


Fabricated from Complete Range of Alloys, Reported by Irving Siller 
Any Diameter Up to 60”, and in Any Shape ST. LOUIS | 


PSC welded process tubing is furnished Any diameter up to 60"; wall thicknesses A meeting was held at the York Hotel 
in any alloy whatsoever. This feature ac- to 3/8”; temperatures to 2200°. Pre- | Nov. 20, 1951, at which 71 members and 

counts for its wide application in meeting cision fabrication of tubing assemblies " 
the unlimited variety of heat, corrosion, is a specialty. Send b/p guests were present. They heard J. H. 
oxidation conditions in process plants. or write as to your needs. Rushton, director, department of chem- 
ical engineering, Illinois Institute of 
THE PRESSED STEEL CO., 708 WN. Penna. Ave., Wilkes-Barre, Pa. Technology, give a talk covering scale- 
up operations involving fluid motion at 
| interfaces. Basic principles of dynamic 
| similitude were reviewed and a general 
method was given whereby the require- 
ments for dynamic similitude for any 
flowing system can be determined. Ex- 
amples were given showing how these 
principles can be used in pilot plant 
models to obtain scale-up data for var 

ious unit operations. 


Reported by A. T. Pickens 


SOUTHERN CALIFORNIA 


A meeting was held Dec. 18, 1951, at 

| the Union Oil Co.’s Los Angeles re- 

finery cafeteria in Wilmington. Ray- 

mond B. Stringfield, president, Fuller- 

ton Manufacturing Co., spoke on 

) FOR INDUSTRIAL APPLICATIONS “Chemical Engineering in the Rubber 
\ Srpressure TEMPERATURE, 

P LIQUID LEVEL ETC. Reported by Gale S. Peterson 

EASE OF INSTALLATION AT STANFORD 


Stanford University now has a stud- 
ent chapter of the American Institute 
TRANSFORMER-RELAYS of Chemical Engineers. Formal ap- 
Mercoid Relays are unlike the common \)/ proval of the chapter, which formerly 
clapper type relays. All noise and residual Ss ‘ d 
magnetism are eliminated. Equipped with operated on a local basis as the Stantfor« 
mercury switches mo open contacts used. |)) | Society of Chemical Engineers was 
\) MERCURY SWITCHES ) |} granted late in 1951. 
A Mercoid switches are not affected by dust, - 
dirt or corrosion. They have many definite Officers of the new chapter are: 
WwW Y Ss Ss ‘ applications where open contacts are not Irenee May, chairman; Conrad von 
MO N T Bibra, vice-chairman; and John Trinay- 


, 31-O4E Northern Boulevord ‘4 Paxton and Carl G. Lindquist will be 

Chien, Long Islend City 1, N. ¥ | € THE MERCOID CORPORATION 4 faculty advisers of the chapter. 
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PEOPLE 


Robert L. Sommerville, assistant 
general sales manager of the Electric 
Storage Battery Co., Philadelphia, Pa., 
was recently elected president of the 
Association of American Battery Manu 
facturers at its annual in 

Mr. Sommerville the 
New York office of the Electric Storage 
Battery in 1919 and has held 
various sales executive positions since 
going to the Philadelphia office in 
1932. He had previously been with the 
U. S. Government 
the locks and power 
Panama Canal. 


convention 
Chicago. joined 


Co. 


as an engineer 


plants 


ot the 


Francis C. Frary retired as director 


of research, Aluminum Company of 
America, Jan. 1, 
1952. Dr. Frary 


was the founder of 
organized research 
in the aluminum in 


dustry. Joining 
Alcoa in Decem 
ber, 1918, he or 


ganized Aluminum 
Research Labora- 
tories at New Ken- 
sington, Pa. In 
1915 he developed a process for manu 
facturing the war gas phosgene. During 
World War I, although Dr. Frary had 
already agreed to go to Alcoa, he was 


granted leave of absence upon the gov 
ernment’s request to help build and 
the world’s largest phosgene 
plant. When the war ended, Dr Frary 
was a major in the Army's Chemical 
Warfare Service. 


operate 


Dr. Frary studied analytical chemistry 
at the University of Minnesota, from 
which he was graduated in 1905. He 
received his M.S. there the following 
year. After a year’s study at the Uni- 
versity of Berlin he returned to Minne 
sota as imstructor and later as assistant 
professor. He earned his Ph.D. degree 
im 1912. 

Dr. Frary holds more than 30 U. S 
patents and is author of numerous books 
and papers on metallurgical and chem- 
ical subjects. 


Richard O. Joslyn is now a sales en 
gineer with the Layne-Western Co., 
Kansas City, Mo. Mr. Joslyn, who re- 
ceived his B.S. degree from Iowa State 
College, was formerly a chemical engi 
neer with the National Carbon Co., 
Cleveland, Ohio. 


Frank H. Bailey, formerly a chemi 


cal engineer in the explosives division 


of the American Cyanamid Co., New 
Castle, Pa., is now a development engi 
neer for the Continental Can Co., Cam 


bridge, Ohio. 
(More About People on page 56) 
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Expansion at BRILLO includes: 
STANDARDAIRE BLOWERS 


O keep pace with the ever in- 

creasing demand for Brillo 
Manufacturing Company products, 
numerous plant additions have 
been made since 1913, when the 
company first started operations. 
Another million dollar expansion 
program is now underway—when 
completed it will provide increased 
floor space for greater productive Installation of Standardaire Blower 
capacity. In conjunction with this at Brillo Manufacturing Co. 
program Brillo has installed two 
105B25 Standardaire Blowers, each having a capacity of 3600 c. f. m. at 
1750 r.p.m. These blowers are in continuous round-the-clock service, 
supplying the necessary air to whisk away the metal turnings incidental 
to the processing of the famous Brillo pads. Standardaire Blowers are 
built to take this grueling service in stride. Rigid material specifications 
and skillful workmanship assure long, trouble-free performance, even 
when operating under extraordinary conditions. Standardaire Blowers 
are winning new users every day due to their ability to produce more 
air in less space with less power consumption. 


For complete information write Dept. F-i3 
READ STANDARD CORPORATION, 
370 Lexington Avenue, New York 17, N. Y. 


CORPORATION 
NEW YORK e CHICAGO « ERIE « YORK « LOS ANGELES 


FORMERLY 
The Standard Stoker 


Co., Inc. 


@ OWLY THe CHANGE 
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The Ametron Electronic Scale 
records the accurate weight ap- 
plied to the load cells by printing 
on ticket, tape, or ledger sheet. 


The unit makes weighing easier, 
quicker and more exact. Being 
compact, installation is simple as 
compared with complicated lever 
systems. It eliminates problems 
encountered in maintenance be- 
cause of accessibility of load cells 
and interchangeability of cells 
and recorder components. 


The Recorder is a full figure 
step cam controlled mechanism. 
It includes provision for multiple 
ranges to give increased capacity 
with high sensitivity and accuracy. 


Write for our booklet 
“The Way to Weigh” 


STREETER-AMET CO. 


4101 RAVENSWOOD AVENUE 
CHICAGO 13, ILLINOIS 


Branches in Pittsburgh, Pa. 
and Birmingham, Alo. 


| elected a 


PEOPLE 
(Continued from page 55) 


John D. Fennebresque was recently 
vice-president of Celanese | 
Corporation of | 
America in charge 
of the chemical di- 
vision, of which he | 
has been general 
manager. He re- 
ceived the 1950 | 
Award of the Yale | 
Engineering Asso- 
ciation for “ad- 
vancement of basic 
and applied 
science.” Mr. Fennebresque (Class of | 
1939) was cited for his work with | 
Celanese in connection with the oxida- 
tion of natural gas hydrocarbons in the 
production of a long series of aliphatic 
compounds and his wartime work with | 
the Office of the Rubber Director. Be- 
fore going to Celanese he was affiliated 
with the Monsanto Chemical Co., St. 
Louis, Mo. 


Homer R. Duffey, formerly genera! 
manager of the chemicals department of 
the Quaker Oats Co., Chicago, IL, was 
recently appointed a vice-president of 
the company. Dr. Duffey, who received 
his Ph.D. from the University of Illi- 
nos, was previously with the Vulcan 
Copper & Supply Co., Cincinnati, Ohio. 


Harry L. Pelzer, who early last 
year was appointed manager of the 
newly formed Sinclair Research Labo- 
ratories at Harvey, IL, 
a director of the corporation. 


has been elected 
Mr. Pel- 
zer joined the Sinclair organization in 
1919 at the East Chicago refinery, in 
1921 he was transferred to the research 
department as a chemical engineer, and 
in 1930 he was assigned to the Houston 
refinery as assistant superintendent 
\fter several supervisory positions, he 
was transferred to the company’s new 
laboratories in Harvey, IIL, as assistant 
manager until his promotion of last year. 


J. Fred Dudley, who has been ap- 
pointed chief engineer of Commercial 
Solvents Corp., New York, N. Y., will 
make his headquarters in Terre Haute, 
Ind. Mr. Dudley joined the company 
in 1943 and was appointed assistant chief 
engineer in February, 1951. 

Frederic W. W. Hammersfahr, for- 
merly with the General Tire and Rub- 
Akron, Ohio, has been ap- 
pointed head of General Electric's 
Chemical Process Development Labo- 
ratory in Pittsfield, Mass. Mr. Ham- | 
merstahr, who received his M.S. in | 
chemical engineering at Massachusetts | 
Institute of Technology, was previously 
with the Du Pont Co. as a development 
engineer. 


ber Co., 
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PREDICTABLE 
PERFORMANCE 
FLOATS* 


A Great New Advance 
in the Science of 
Flow Measurement 


Now FLOWRATOR Meters canbe 
Specified by Reference to Hand- 
book Data 
¢ Delivered Quickly from Stock 
¢ Converted Easily, by the User, 
from one Service to Another 
The performance 
of four basic F&P 
floats under vary- 
ing conditions of 
temperature, grav- 
ity and 
is predetermin 
has been accurate- 
ly charted. 
Complete data, 
ublished in 
andbook form, 
enables users to 
determine their 
own meter re- 
uirements, to or- 
er meters from 
stocks now avail- 
able, to convert 
any meter to any 
service within its 


capacity. 


FOUR BASIC PREDICTABLE 
FLOATS MEET MOST 
REQUIREMENTS 


* The float is the basic metering ele- 
FLOWRATOR variable-area flow meter. 


WRITE FOR HANDBOOK 


The F&P Variable-Area Meter 
Handbook contains a complete 
compilation of float lists, predic- 
tion curves, float data, selection 
instruction and much other infor- 
mation of value to all meter users. 
Your copy is free for the asking. 


FISCHER & PORTER 


COMPANY 
HATBORO, PENNSYLVANIA, U.S. A. 


SALES ENGINEERING OFFICES 
THROUGHOUT THE WORLD 


January, 1952 
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Jerome T. Coe, of the chemical divi 
sion of the General Electric Co., Pitts 


field, Mass., has hoon appointed Centrif ENT 
tomer service supervisor for silicon entri x9 

LOSSES FROM 


Waterford, N. Y. Mr. Coe, who came AIR - STEAM - VAPOR - GAS 
with the company in 1942 shortly after 

receiving his B.S. degree from Massa- | ifiers 
chusetts Institute of Technology, was url 

previously in charge of the plant's proc- 

ess development section. 


L. Vernon Larsen of General Elec- 
tric’s chemical Gvicien the been ap- © Centrifix Purifiers give separating 
pointed engineering section head of 

G-E Textolite industrial and decorative ; C efficiencies of 99.9% to reduce total 
laminates at the Coshocton, Ohio, plant. . solids in carryover to 1.0 ppm and less. 
In this capacity, Mr. Larsen will 

remain in charge of the development Over 27 years of purifier development 
section and also assist in personnel experience enables Centrifix to pro- 
recruiting. vide special engineering designs to 

Charles B. Roen, formerly project , meet unusual processing conditions. 
engineer in the general engineering de- Send sketches or details for recom- 


partment, has been appointed a develop- EVAPORATOR PURIFIER—Capacity guendesions. 
ment chemical engineer in the general 


development department of the Mon- 
santo Chemical Co., St. Louis, Mo. Mr. 
Roen was previously a technologist for 
the Shell Chemical Co. 


John E. Gray is now director of the 
technical and production division, Atom 
ic Energy Commission, at the Savannah 
River Plant, Wilmington, Del. He was 
formerly materials engineer in the 
Nuclear Power Division, Bureau of | 
Ships, U. S. Navy. 


*rotected by Letters Patent and Patents Pending 


Loren D. Grubb, formerly chemical HERE IS 
process engineer for the Continental THE NEW 
Oil Co., N. Y., is now assistant super- 
intendent of the company’s refinery at 
Ponca City, Okla. 


L. W. Kanninen is now plant man 
ager for E. J. Lavino & Co., Newark, 
Calif. He was previously superintend- 
ent of the Minnesota Mining & Manu- 
facturing Co.'s plant at Corona, Calif. 


W. R. Riggs has been appointed gen- 
eral superintendent of the Sinclair Re- | 
search Laborator- 
ies, Inc., Harvey, 
Ill, Mr. Riggs re- 
for CONTINUOUS GRINDING 
gree in chemical 
engineering from 
Missouri School of @ Smooth, economical, efficient bine grinding of a wide range of 
Mines in 1932 and pericle, with cont feed and discharge. Supplied with cast alloy 
began work with steel, silice or Porox linings, or jacketed (with unlined shell), these 
Sinclair in the re- Mills may be operated in open or closed cimeuit depending upon type of 
product required Write for details 


After gaining ex- 


perience in laboratory and processing 


problems, he was put in charge of labo- - The Patterson F an 1 Machine Company 
ratory engineering and construction ac ‘ 
Liver 


tivities. In 1945 he was made division : East nee U.S. 
New YORK BOSTON BALTIMORE 

director in charge of pilot plants, and Lous 

in 1949 he was named assistant general 

superintendent. 


(More About People on page 58) 
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ARTISAN 


Pilot Plants and Processing Equipment 


Artisan is an outstanding source for 
your Pilot Plant and Special Continu- 
ous or Batch Complete Processing 
Unit. 


Chemical engineers and mechanical 
engineers combine their experience 
with skilled shop men to develop and 
manufacture excellent mechanical and 
chemical processing equipment. Our 
chemical engineers design complete 
plants and individual stills, evaporators, 
condensers, reactors, piping and tanks. 
Our mechanical engineers develop spe- 
cial conveyors, solids handling devices, 
vacuum closures and special mechani- 
cal processing units. 


Their combined experience and skills 
go into the completed equipment. 


Telephone or write for an engineer to call—We have 
Engineering Representatives throughout the United States. 


ARTISAN METAL PRODUCTS INC. 


Engineers and Fabricators 
Telephone: 


Waltham 5-6800 73 Pond St., Waltham 54, Massachusetts 


—) 


6 Cubic Feet of 
Controlled Air 


When humidity and temperature are im- 
portant here is a cabinet that provides about 
6 cubic feet of controlled air . . . both dry 
and wet bulb temperatures can be main- 
tained within 1° F. as long as the unit is in 
operation. 

The air is constantly circulated and uni- 
form conditions are maintained automatic- 
ally; heated by an electric coil, cooled by a 
coil of water (or other coolant), humidified 
by a spray chamber, dried by a mechanical 
device needing no attention. 

Units are available with temperature 
ranges from 40° F. to 140° F. 


AIRE-REGULATOR 
Constont Temperature and Humidity Cabinets 
Now in use by many prominent laboratories 
in food, h, paint, phar icals, ete.— 
names on request. Write for bulletin and tell us your requirements. 


NORTHWEST HIGHWAY 
Food Technology, Inc. CHICAGO 31, ILLINOIS 
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Alan S. Foust will head the depart- 

ment of chemical engineering at Lehigh 

University at Beth- 

lehem, Pa., effective 

Feb. 1, 1952. He 

was formerly pro- 

fessor of chemical 

engineering at the 

University of Mich- 

igan, Ann Arbor, 

since 1948, and on 

the faculty of the 

department of 

chemical and met- 

| allurgical engineering since 1937 except 

| for four vears in active service in the 
Army. 


Robert J. Koll, previously a chemi- 
| cal engineer for the B. F. Goodrich 
| Chemical Co., Akron, Ohio, is now with 

the Diamond Alkali Co., Houston, Tex. 


| NEWTON WINS MEDAL 
INDUSTRIAL RESEARCH 


Roy C. Newton, vice-president in 
charge of research, Swift & Co., has 
| been named to receive the 1952 medal 
of the Industrial Research Institute, 
Inc. The medal has been awarded an- 
nually since 1945 for “outstanding ac- 
| complishment in leadership in or man- 
agement of industrial research which 
contributes broadly to the development 
of industry or the public welfare.” 
Official presentation of the medal will 
be made at the annual meeting of the 
institute to be held next May. 

He is a graduate of Oklahoma Agri- 
cultural and Mechanical College and re- 
ceived his Ph.D. degree in chemistry 
from the University of Chicago in 1924. 
He joined the staff of Swift & Co. as a 
research chemist that same year and 
was appointed to his present position in 


1941. 


Robert S. Aries, consulting chemical 
engineer of R. S. Aries & Associates, 
is in Europe where he will spend 
six weeks visiting the company’s Euro- 
pean representatives and clients in 
France, England, Belgium, Switzerland 
and Western Germany. Dr. Aries was 
scheduled to present two papers, pertain- 


| ing to synthetic rubber and petrochem- 


icals, at the International Chemical 
Congress in Paris. 


J. G. Bronson has been appointed 
divisional sales manager, barium and 
miscellaneous chemicals, Westvaco 
chemical division, Food Machinery and 
Chemical Corp. He was formerly assis- 
tant divisional manager, magnesium 
chemicals. This appointment became ef- 
fective Jan. 1, 1952. 
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LEFAX xxx 


@ POCKET SIZE TECHNICAL 
DATA BOOKS EACH 


Printed on loose leaf, six hole, 634” x 
3%" bond paper, each book contains 
about 140 pages of technical data, pre- 
senting condensed, accurate and essen- 
tial data for the student, engineer. tech- 
nical worker and business man. 


eee 
Hydraulics 


Mech. Drawing 
Machine Design 
Machinists’ Data 
Piping Data 
Surveying Tables 
Trig-Log Tables 


Architecture 
Home Heating 
Tluminatien 
Electrician's Data 
Builder's Data 
Lumber Data 
Air Conditiening 
General Math. 
Math. Tables 
Physics 
Chemical Tables 
Met. 


als 
Gen'l. Chemistry Engineering 
Reintorced Mechanics of 
Materials 
Power Trans. 
Mach’y. 
Thermodynamic 
Tables and 
Charts 
and 
hermody- 
namic Data 
Transformers, Phys. and Org. 
Relays, Meters Chemistry 


Write for FREE Catalogs (over 2000 list- 
ings). See for yourself how helpful LEFAX 
can be te you. Send $1 ‘or each book, or 
$5 for any six books listed above, to: 


LEFAX Dept.CP9 Philadelphia 7, Pa. 


Electricity, AC 

Electricity, DC 

AC Motors and 
Generators 


MARTINDALE 
PROTECTIVE MASKS 


PLACE HEAD 
wei 
uP AROUND 
MEAD TO 
FROM Suir 
PING DOWN 


PRESS 
TABS IN CLOSE ek 


| AGAINST FACE 
| HOLD 
| AGAINST THE 


Weigh less than '2 ounce 


These light-weight aluminum masks 
provide protection against over 400 
dusts such as wood, coal, lime, salt, 
cement, grain, rust, paper, textiles, 
some insecticides, paint spray from 
non-toxic paints, etc. 

Pads can be changed in a few seconds. 
Only clean gauze touches the skin. 
Comfortable to wear. Workers like 
them. 


Martindale Protective Masks....$.30 ea. 
No. 1 Refills (Standard weight) .02 ea. 
No. 2 Refills (Heavyweight) 0214 ea. 


Write for quantity discounts 
MARTINDALE ELECTRIC CO. 


1322 Hird Ave., 
CLEVELAND 7, OHIO 


PRESS EOGES 
~ OF FACE PLATE 
OWN TO FIT 
FACE SNUGLY 
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| B.S. in 
| University of Minnesota in 1937 and 
| then entered the employ of the Standard 
| Oil Company of New Jersey, remaining 


C. P. Hackett I. H. Munro 


C. P. Hackett has been appointed | 


assistant director of development in the 
Alkali section of The Solvay Process 


| Division, Allied Chemical & Dye Corp., 


Syracuse, N. Y., and I. H. Munro has 


been named to succeed him as chief | 


engineer. 


Mr. Hackett has worked for Solvay | 
since his graduation in 1923 from the | 
Colorado School of Mines as a mining | 


engineer. In 1936, he was appointed 
assistant chief engineer and in 1945, chief 


| engineer. 


Mr. Munro, a graduate of Colgate Uni- 
versity, received his chemical engineering 


| degree in 1934 from the Massachusetts | 


Institute of Technology. He joined Sol- 
vay’s engineering department in 1935 and 


appointed assistant chief engineer in 
1 4 


AMUNDSON HEADS CHEM. 
ENG. AT MINNESOTA 


At a recent meeting of the Board of | 


Regents of the University of Minnesota, 


Neal R. Amundson was appointed head | 


of the department of chemical engineer- 


ing. Professor Amundson has been 


acting as head of the department during 


the last two years following the death 

of Prof. Charles A. Mann. 
Professor Amundson 

chemical 


his 
the 


received 
engineering at 


with it until 1939. He then returned to 
Minnesota and joined the staff of the 
department of mathematics and mechan- 
ics. He earned his M.S. and Ph.D. de- 
grees in 1941 and 1945, respectively. 
For a period during the war, he was at 
Brown University in the mathematics 
department 

Dr. Amundson is a member of several 
technical societies including the Amer 
ican Mathematical and the 
Mathematical 


Society, 
Association of 


the research and development division 
of Merck & Co., Inc., Rahway, N. J., is 
Inc., Neodesha, Kan. 


Frederick A. Gilbert is now plant 


manager at the Buffalo Electro Chemical | 


Co., Inc., Vancouver, Wash. 
formerly assistant to the vice-president 
of the company’s plant in Buffalo, N. Y 


(More About People on page 60) 
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America. | Ends: to 4” 


Reinhold H. Fritzsche, formerly in | 


M.S.S, St'ds. 


now chief engineer for Chlorophyll, | 


He was | 


| 3201 WALNUT AVE., LONG BEACH 7, CALIFORNIA 


CORROSION RESISTANT % 


VALVES 


150 LB. SERIES 
GATE VALVE 
O.S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 8” 
Scr'd. Ends: ‘'/,” to 3” 
Manufactured to M.S.S. 
St'ds. Also Available 
with A.S.A. Flanges. 


150 LB. SERIES 
GATE VALVE 
Inside Screw, Screwed 
Bonnet, Solid Wedge 
Ser'd. Ends: to 2” 


Manufactured to 
M.S.S. St'ds. 


600 LB. SERIES 
GATE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 2” 
Ser'd. Ends: to 2” 
Manutectured to 
and A.P.1, St'ds. 


150 LB, SERIES 
GLOBE VALVE 
O. 5S. & Y.-Bolted Bonnet 
Fig'd. Ends: '/)” to 4” 
Scr'd. Ends: to 
Manufactured to 
M.S.S. St'ds. 


LB. SERIES 


| SWING CHECK 


Bolted Bonnet 


‘Ser'd. Ends: 4” to 
| Manufactured to 


@These Valves 
Type 316 oF Alloy 20 Stainless Steels 
availadie Corrosion Resistant Alloys. including 
Mone! arc Mastelloy can be supplied 


PACIFIC VALVES, INC. 


ae furnished of 


Other 


regularly 


TELEPHONES: 1.8. - 40-5451; Los Angeles - Niveds 6-2325 


| TELETYPES: 1.8. - 8-8076; New York City - 1-1077 


Houston, Texes - HO 489 
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The Pipe You Need 
for 


Corrosive Service 


Knight-Ware acid proof pipe and 
fittings may be used wherever cor- 


rosive liquids and gases must be | 
This quality chemical | 


handled. 
stoneware is not just surface re- 
sistant but is physically tough and 
corrosion proof throughout its en- 
tire body. It is resistant to all acids 


PEOPLE 
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Charles F. Hauck has been appointed 

manager of sales promotion of the chem- 

. ical plants division 

of Blaw-Knox Co., 

Pittsburgh, Pa. His 

duties will be the 

development of new 

markets and the di- 

rection of advertis- 

ing and technical 

information. Mr. 

Hauck, who did his 

graduate work in 

chemical engineer- 

ing at Case Institute of Technology, has 

had 15 years’ experience in chemical 
engineering and water processing. 


Thomas W. Booth is now an associ- 
ate chemical engineer for the Texas 
Eastman Co., Longview, Tex. Mr. 
Booth, who has an M.S. degree from 
Virginia Polytechnic Institute, was for- 
merly with the Tennessee Eastman 
Corp., Kingsport, Tenn. 


B. Clifford Boswell, Jr., formerly a 
technical assistant in the plant develop- 
ment department of the Monsanto Chem- 
ical Co., Monsanto, LIL, is now a chemi 
cal engineer for the Holston Defense 
Corp., Kingsport, Tenn. 


and alkalies, hot or cold, in any | 


concentration.* 


In difficult installations special 


pieces may be required. These can 


be made of Knight-Ware at rela- 
tively low cost because no expen- 
sive molds are required in their 
manufacture. Knight-Ware is avail- 


able in a variety of standard fittings 
and can be installed by any com- | 


petent plumber. 


Knight-Ware has found wide ap- | 


plication for more than 40 years in 
the chemical processing industries, 
industrial laboratories, pharma- 
ceutical plants, schools, newspaper 
engraving plants and medical 
centers. 


"Excepting hudrofluoric 
acid and hot caustics. 


Write for Bulletin No. 5-2 | 


for weights and dimensions 
of bell and spigot pipe and 
fittings. 


MAURICE A. 
KNIGHT 


101 Kelly Ave., Akron 9, Ohio 


Robert B. Cragin is now the owner 
of the Cragin Oil Co., Rockford, I. 
He was previously vice-president of the 
Refinery Maintenance Co., Compton, 
Calif 


John B. Khu is now a chemical engi- 
neer for the Vern E. Alden Co., Chi- 
He was previously technical 
director for Khu Yek Chiong (Sales 
Organization), Manila, P. 1. 


cago, Il. 


Hal L. Hollister, formerly an engi- 
neer in the nucleonics department of the 
General Electric Co., Richland, Wash., 
is now with the California Research & 
Development Co., Diablo, Calif. 


J. L. Nelson, manager of B. F. Good- 
rich Chemical Co.’s plant at Louisville, 
Ky., recently received the Award of 
Honor for Distinguished Service to 
Safety from Capt. Estel Hack, manag- 
ing director of the Louisville Safety 
Council. The plant consists of 57 build- 
ings and covers approximately 60 acres 


Walter R. Pavelchek, Jr., has ac- 
cepted a position as instructor in chemi- 
cal engineeering at Tufts College, Med- 
ford, Mass. Mr. Pavelchek, previously 
a graduate student in chemical engineer- 
ing at the University of Illinois, received 
his B.S. degree from Purdue University 
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Robert H. Berg has been appointed 
process control engineer for the engi- 
neering division of International Min- 
erals & Chemical Corp., Chicago, Ill. He 
graduate of the University of 
Minnesota and received his M.S. degree 
in chemical engineering from the Uni- 
versity of Wisconsin. He has had 
several years of field and project engi- 
neering experience with the Fischer & 
Porter Co. and Panellit, Inc. Previously, 
he had been affiliated with the B. F. 
Goodrich Co., Goodyear Tire & Rubber 
Co., and the U. S. Naval Research 
Laboratories. 


is a 


William P. Conant, Jr., formerly as- 
sistant supervisor for the Monsanto 
Chemical Co., St. Louis, Mo., is now 
salesman for the company in Cleveland, 
Ohio. He received his B.S. in chemical 
engineering from Purdue University. 


Edward M. Cook is now an engineer 
for the Griscom-Russell Co. at Massil- 
lon, Ohio. He was formerly affiliated 
with the U. S. Rubber Co., in the Nau- 
gatuck chemical division, Naugatuck, 
Conn. 


Joseph M. Fox, 3rd, previously 
water control engineer for Sharp & 
Dohme, Inc., Phila., Pa., is now with 
the M. W. Kellogg Co., Glen Ridge, 
x. 


C. F. Gerald, formerly an assistant 
professor of chemical engineering at the 
University of Washington, Seattle, 
Wash., and an industrial consultant, is 
now associated with the Universal Oil 
Products Co., So. Michigan, Chicago, 
Ill. He received his D.S. from the 
Massachusetts Institute of Technology, 
Cambridge, Mass. 


Walter E. Eisele, formerly assistant 
department head for Charles Pfizer & 
Co., Inc., Terre Haute, Ind., is now 
chemical engineer for the Chemstrand 
Corp., Wilmington, Del. He received his 
M.S. from the University of Michigan. 


Ju-nam Chew, graduate student at 
the University of Texas, has been 
awarded a 1951-52 
fellowship by the 
Humble Oil & Re- 
fining Co., Hous- 
ton, Tex. Mr. 

Chew, who holds 

an M.S. in engi- 

neering and chemi- 

cal engineering, is 

working for a 

Ph.D. in chemical 

engineering. He 

has had several years of experience as a 
teacher and research assistant at the 
University of Texas. 
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Charles G. Harford of Arthur D. 
Little, Inc., Cambridge, Mass., is in 
Cairo, Egypt, mak- 
ing a survey of low 
cost housing. The | 


program has been | 
set up under a bi- 
lateral agreement 
between the Egvyp- 
tian and the United | 
States governments, | 
under the supervi 
sion of the U. S 
Technical Coopera 
tion Administration 
Robert L. Seitz is now employed as 
sales estimating engineer with Cochrane 


Corp., Philadelphia, Pa. He had been 
with Infilco, Inc., in Tucson, Ariz. 


Alfred Lippman, Jr., is sow general 
manager of the Commonwealth Engi- 
neering Co., Dayton, Ohio. He was for- 
merly plant manager and superintendent 
of Bay Chemical Co., Inc., Weeks, La. | 


James J. Carberry is now a junior | 
chemical engineer for the Du Pont Co., 
at its Eastern Laboratory, Gibbstown, | 
N. J. He was a teaching fellow in the 
department of chemical engineering at 
the University of Notre Dame, where 
he received his B.S. in chemical engi- 
neering. 


Albert E. Lewis, formerly a develop- 
ment chemical engineer with the Ameri- 
can Viscose Corp., Nitro, W. Va., is now 
a junior engineer at the Diamond Alkali 
Co., Mentor, Ohio. 


Frank A. Dudrow, Jr., is now assist- 
ant project engineer in the edible oil 
processing department of the Girdler | 
Corp., Louisville, Ky. He was formerly 
associated with Fresse, Nichols & Tur- 
ner, consulting engineers, at Houston, 
Tex., and received his B.S. from Texas | 
A & M College. 


Robert S. Herrod, formerly affiliated 
with the Hercules Powder Co., Wil- 
mington, Del. is now the owner of | 
Microfilming, Erie, Pa. 


George W. Higginson, Jr., formerly 
in the plastics division of the Firestone 
lire & Rubber Co., Pottstown, Pa., is | 
now with the Attapulgus Clay Co., Cam- 
den, N. J., as supervisor of research and 
development. 


’ Walter S. Kaghan is now a senior | 
chemical engineer with Olin Industries, | 
Inc.. New Haven, Conn. He was for- 
merly an associate professor at Rose 
Polytechnic Institute, Terre Haute, Ind. 


Robert L. Lauren, formerly with the | 
Diamond Alkali Co., Painesville, Ohio, | 
is now a liaison engineer for the Doug- | 
las Aircraft Co., Santa Monica, Calif. 
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Freeze-Proof Steam Traps 


(Necrology on page 63) j 
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NICHOLSON MAKES 


a for every Plant Use 


Because they drain completely when cold, these four types of Nicholson 
steam traps are positively freeze-proof. Can be freely installed out- 
doors. Universally recommended for use in lines which need not be in 
continuous use during cold weather, be- 
cause they are freeze-proof and because 
their 2 to 6 times average drainage co- 
pacity results in minimum heat-up time. The 
non - air - binding feature of 
Nicholson traps also notably 
facilitates heat 
transfer in severe 
weather. Ty pes 
for every plant 
use. Size 4" to 
2”; pressures to 
225 Ibs. 


TYPE A 


BULLETIN 
450 


TYPE AHV {TYPE AU 


214 OREGON ST., WILKES-BARRE, PA. 


NICHOLSON 


TRAPS - VALVES - FLOATS 


For 
STREAM 


CLEAN - UP 
or 


TRADE-WASTE 
RECOVERY 


Hardinge Thickeners or 
Clarifiers have solved a 
lot of problems for in- 
dustries with waste- 
disposal or by-product 120 -diameter steel-tonk Hardinge Clorifier removing 60 tons 
recovery difficulties. per hour of solids from coal breaker woste woter. 


Available for steel, tile, wooden or concrete tanks up to 200’ diameter with the famous 
“Auto-Raise” feature to prevent scraper breakage. Write for Bulletin 35-C-40. 


——r 
= 


Cross section of a Hardinge concrete-tonk Thickener. 


AR DIN 


COMPANY, INCORPORATED 


YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


NEW YORK 17 @ SAN FRANCISCO Il @ CHICAGO 6 © HIBBING, MINN. @ TORONTO { 
122 E. 42nd St. 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at 5c a word, with a minimum of four lines accepted. Box number 
counts as two words. Advertisements average about six words a line. Members of the 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
(about 36 words) free of charge per year More than one insertion to members will be 
made at hali rates. In using the Classified Section of Chemical Engineering Progress it is 
agreed by prospective employers and employees that all communications will be acknowl- 
pty and the service is made available on that condition. Boxed advertisements are available 
at $15 per inch. Size of type may be specified by advertiser. In answering advertisements all 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 4ist Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 20th of the month preceding the issue in which 
it is to appear. 


SITUATIONS WANTED 
A.1.Ch.E. Members 


SITUATIONS OPEN 


WANTED—Chemical Engineer for develop- 
ment and operations in modern, expanding 
chemical manufacturing plant in Ohio 
Valley, West Virginia Panhandle. Inorganic 
or organic. Two to three years’ experience 
preferred. Box 


CHEMICAL ENGINEER Experienced § in 
handling design and erection for the com- 
plete piant as project engineer. Bulk of 
experience in detergents, pharmaceuticals, 
and organic chemicals. Seeking position as 
chief engineer. New York area. Box 


ENGINEERING MANAGER Twenty years 
progressive design, construction and ad- 
ministration in chemical process and me- 
chanical equipment fields. Dr.Eng.Sc. Func- 
tional building and economy programs for 
utilities, maintenance, and product recovery. 
Background: petroleum, food, detergent, and 
drug industries Married, family; prefer 
N. Y. C. $20,000/yr. Available early 1952 
Box 3.1 


FOR PROGRESS--- 


use Chemical Engineering 
Progress. 


C.E.P. Classified Section is 
the answer to the age-old 
question of where to get the 
best in chemical engineers. 


CHEMICAL ENGINEER Industrial sales 
manager Twelve years’ experience § in 
sales promotion, marketing, technical serv 
ice in petroleum oils, solvents, chemicals 
fatty acids, resins. Salary $700 a month 
Box 4.1 


CHEMICAL ENGINEER--B.S., single, 28, 
veteran. Production and development ex- 
perience Desire position in production, 
administration or product development. 
Prefer the Northeast. Box 5-1 


VISCOSE ENGINEER 


National organization seeks capable graduate engineer 
with experience in viscose rayon manufacture or re- 
lated experience. Headquarters New York. Salary open. 


Send complete resumé including age and salary data. 
Box CEP 698, 221 W. 41 St., N. ¥. C. 18 


A.|.Ch.E. MEMBERSHIP INFORMATION 


S. L. TYLER, Secretary 


American Institute of Chemical Engineers 
120 E. 41st St. 


New York 17, New York 


Dear Sir: Please send me information regarding membership 
requirements. 1-52 


Name: Age: 
Address : 


City : State: 


OPPORTUNITIES 
FOR EXPERIENCED 
TECHNICAL PERSONNEL 


IN 
ATOMIC ENERGY 
INSTALLATIONS 


AT 
Oak Ridge National Laboratory 


Oak Ridge, Tennessee 


Electromagnetic Separation Plant 


Oak Ridge, Tennessee 


Gaseous Diffusion Plants 
Oak Ridge, Tennessee & Paducah, Ky. 


ENGINEERS 
DESIGN - DRAFTING — chemical! 


plants, structures, piping, valves, 
tilities, alterations, 
LABORATORY 
opment 
POWER—design, testing, construction 
of large electrical power generation 
and distribution installations. 
MACHINE DESIGN — jigs, fixtures. 
gadgets, remote control equipment. 
PROCESS—chemical process and 
equipment design, vacuum or high- 
pressure syster pilot plant and 
prod Ton perarion 
CONSTRUCTION — plant design, 
specifications ntractor liaison, 
SAFETY — pressure vessel inspection 
and fire protection. 
NUCLEAR REACTORS — design, de- 
velopment, construction, testing. 
INSTRUMENTATION — design devel- 
opment and industrial application 
of electronic and pneumatic instru- 
ments 

INDUSTRIAL AIR - CONDITIONING 
AND REFRIGERATION—design of 


plant systems. 


CHEMISTS, PHYSICISTS, 
METALLURGISTS 


Research, development, and produc- 
tion in nuclear technology, goseous 
diffusion, and related fields. 


research and devel- 


Minimum educational requirement 
—B.S. degree, or its equivalent. 

Salary commensurate with training 
and experience 

Give experience, education, age, 
references, persona! history, salary re- 
eiveao and salary expected. 


Central Technical Personnel Office 
Carbide and Carbon Chemicals Company 
a Division of 


UNION CARBIDE AND 
CARBON CORPORATION 
Post Office Box P 
Oak Ridge, Tennessee 
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There's NO SUBSTITUTE 
FOR EXPERIENCE 
Consult GIDCO 


for Bamag's 80 year 
engineering and 
process 
equipment 
know - how 
@ Nitric acid plants in- 
cluding direct oxida- 
tion by pure oxygen 
for the manufacture of 
high concentrated 
acid 
@ Fertilizer Plants 


@ Recovery of waste pick- 
ling acids in steel mills 


@ Recovery of sulfur from 
Petroleum and Gases 
including Sweetening 
Alkacid Plants 


@ Treatment of fish oil for 
its use as edible oil and 
fats 

@ Wecker plants for in- 
crease of yields in ex- 
isting oil refineries 

@ Refining and Hydrogen- 
ation of oils 

@ Electrolysers for Hydro- 
gen and Oxygen 


@ Steel Mill Equipment 


@ Equipment for Water 
Treatment 
WRITE FOR DESCRIPTIVE LITERATURE 


GENERAL INDUSTRIAL 
DEVELOPMENT CORPORATION 


Exclusive Agents for 


' 
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Necrology 


R. J. FLETCHER 


Robert James Fletcher, chief chemist 


| of the AZO dye department of the 
American Cyanamid Co., Bound Brook, 
N. J., died recently after a short illness. 
He was a former research chemist with 
Du Pont Co. in Wilmington, Del., and 
was at one time chiei chemist for the 
former Amalgamated Dye Stuffs & 
Chemical Works, Newark. Mr. Fletcher 
was graduated from Cornell University 
in 1917. 


A. B. RAY 


Arthur B. Ray, sales manager of the 
special products division of the Carbide 
and Carbon Chemicals Co., died Dec. 24, 
at the age of 62. Dr. Ray, who received 
his doctor's degree from Cornell Uni 
versity, joined Union Carbide and Car- 
bon Corp., in 1919 as a research chem 
ist, and subsequently became associated 
with Carbide and Carbon Chemicals Co., 
a division of Union Carbide. He was 

| an authority on activated carbon, and 
| also worked in the fields of inorganic, 
| physical and industrial chemistry, rare 
earths, toxic inorganic materials, reat- 
| tions between gases and incendiary and 
pyrotechnic materials. 


G. H. SANFORD 


| 

| G. Herbert Sanford, assistant me- 

| chanical superintendent at Du Pont’s 

| Belle Works plant at Charleston, W. 

| Va., died recently. Mr. Sanford, who 
received his B.S. in chemical engineer- 
ing from Syracuse University, had been 

| with Du Pont since 1929. Until 1943, 
he was assigned to the ammonia depart- 
ment, Experimental Station, where he 
was responsible for design, construction 
and maintenance of all semiworks 
equipment. In 1943, he became asso- 
ciated with the Hanford plant's explo- 
sives department, where he was chief 
supervisor in the manufacture of an in- 
gredient for the atomic bomb, which 
position he held until his most recent 
assignment in 1944, 


R. POWERS 


Clinton R. Powers, chief engineer, 
Delaware Rayon Co., Wilmington, Del., 
died Dec. 3, 1951. Mr. who 
received his B.S. in chemical engineer 
ing from Tufts College, was engaged 
largely in dye and rayon manufacture. 
For a number of years, he was in the 
Du Pont rayon division at Kenmore, 
N. Y., in a supervisory capacity. Subse- 
quently he was with the Remington 
Arms Co., Bridgeport, Conn., and the 
Manville Jenckes Co., Woonsocket, R. | 


Powers, 


(More Necrology on page 64) 
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DOW CORNING 
ANTIFOAM A 


b One part per million 
of Dow Corning Antifoam A 
kills foam during caustic soda 
concentration ... i 


One part per million” 
kills foam during synthetic 
varnish resin processing... 

6 As little as 0.03 parts 
per million kills foam during 
tar evaporation... 


6 And just three parts per 
million kills foam during straw 
berry jam concentration. 

6 Odorless, tasteless, 
relatively inert physiologically, 
Dow Corning Antifoam A is 
effective in a wider variety of 
foamers than any other mate- 
rial known—and in only trace 
quantities. That kind of effi- 
ciency has made it the most 
economical as well as the most 
versatile defoamer on the 
market. 


© See for Yourself 


Send COUPON Tedey fer 
Your FREE SAMPLE 


Dow Corning Corperction 
Dept. AS-13 


Midiend, Michigen 
Please send full information and a free 
sample of Dow Corning Antifoam A. 


DOW CORNING 


wAME 


COMPANY 


ADORESS 


cry ZONE stare 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


ATLANTA «+ CHICAGO + CLEVELAND + DALLAS 
LOS ANGELES NEW YORK WASHINGTON, 
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New Merc-O-Pump 
gives constant, positive 
action employing a 
column of mer- 
cury as the liq- 
vid mover. Cuts 
operating costs and 
downtime. Air or steam 
operated. Rate: 3 gal- 
lons to 30 gallons per 
hour. Rate variable 
over entire range by 
external adjust- 
ment. Low initial 

cost. 


INSTRUMENTS, INC. 


122 N. Madison, Tulsa 6, Okla 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and Gen- 
eral Plate Fabrication manufac- 
tured with trained personnel and 
up-to-date equipment. Our Engi- 
neers will assist in designing to 
meet your requirements. 

Good Design — Right Material — 
Expert Workmanship at a Fair Price. 


HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
Than 30 Years 


artial analysis of 
‘or Unfired Pressure Vessels. 


DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA. 


STEEL * ALLOY PLATE FABRICATION 
HEAT EXCHANGERS 


NECROLOGY 


(Continued from page 63) 
J. B. EKELEY 


John B. Ekeley, professor emeritus in 
chemistry at the University of Colorado, 
died Novy. 8, 1951, at the age of 81. Dr. 
Ekeley received his Ph.D. from the 
University of Freiburg, Baden, Ger- 
many, in 1602 and came to America 
where he was immediately appointed 
head of the department of chemistry at 
the University of During 
World War I, he was instrumental in 
developing methods for the preparation 


Colorado. 


| of very pure tungstic acid from Colo- 


rado tungsten ores. Upon the resultant 
formation of the Tungstic Acid Corp., 
Boulder, Col., Dr. Ekeley supervised 
its industrial process. From 1909 he 
spent a year’s sabbatical leave at the 
Sorbonne in Paris and at the University 
of Berlin, At international meetings of 
chemical societies Dr. Ekeley frequently 
was present as a United States delegate. 
He is the author of “A Laboratory 
Manual of Inorganic Chemistry,” “The 
Chief Laws and Theories of Chemistry 
Brieny Stated,” and various articles in 
American and European chemistry jour- 
nals. 


JAMES GARRETT VAIL 

James Garrett Vail, retired vice-presi- 
dent of the Philadelphia Quartz Co. and 
former President of the American In- 
stitute of Chemical Engineers, died Dec. 
11, in New Delhi, India. At the time 
of his death, Dr. Vail was working at 
an International Center for the Amer- 
ican Friends Service Committee. He 
was 65. 

President of the Institute in 1946, Dr. 
Vail also served as Vice-President in 
1939 and 1940, and was elected to three 
terms as Director: 1932-34, 1936-38, 
1941-43. During his administration as 
President the plans for launching this 
magazine were completed. 

He joined the Philadelphia Quartz 
Co. in 1905 as a becoming 
chemical director ir 1931, and a vice- 
1940. An authority on 
and holder of many 
patents in the field, he was the 
author of an A.C.S. monograph on 
Soluble Silicates in Industry. He re- 
cently completed the manuscript for a 
new volume on the subject. 

He was a past chairman of the Phila- 
delphia Section of the American Chem- 
ical Society, past chairman of the 
American Section of the Society of 
Chemical Industry, fellow of the Amer- 
ican Institute of Chemists and of the 
American Ceramic Society, and a mem- 
ber of the Franklin Institute, University 
Club of Philadelphia, Chemists’ Club, 
New York, and the Cosmos Club, Wash- 
ington. In 1933 he received the Chem- 
ical Industry Medal from the Society 


chemist, 
president in 


soluble silicates 


also 
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of Chemical Industry for his work in 
the silicate field. 

Dr. Vail was educated at Westtown 
School, University of Pennsylvania, 
Harvard University, and the Institute of 
Technology at Darmstadt. In 1946 he 
received an honorary Doctor of Science 
from Haverford College. He was born 
Nov. 16, 1886. In 1910 he married Ruth 
Russell of Cleveland, Ohio, who was 
with him in India. He has two sons, 
Benjamin and Philip. 

We cannot help but add here our per- 
sonal evaluation of Jim Vail. He meant 
much to us, being the President of the 
Institute during the planning year for 
“C.E.P.” As we read the facts above, 
summarizing the scientific accomplish- 
ments of our friend, the thought strikes 
that important as they are, most of us 
who knew him will not think of them 
when we remember his life. The quality 
which set him apart from other men was 
that one felt, when talking to him, his 
immense spiritual qualities. Immortality 
was certain, God was, and man had a 
soul; all these shone through his every 
word and deed. 

He had a faith big enough for others 
to lean on, and he had a belief which he 
carried into action through all his years. 
In 1920 he was in Germany with the 
American Friends Service Committee 
feeding children in cooperation with the 
Hoover Commission. In 1939 he went 
to Germany to study the problem of 
Jewish refugees. In 1941 he spent three 
months in Germany and occupied coun- 
tries representing the American Friends 
Service Committee. In 1944 he was in 
India establishing relief-feeding  sta- 
tions, in 1947-48 he was in Africa and 
the Middle East working on interna- 
tional problems and conferring with 
Arab and Jewish leaders in hopes of 
a truce. This led to his appointment as 
an adviser to the U. N. mission in sup- 
port of Count Bernadotte’s efforts to 
restore peace in the Middle East. 

At the time of his death, he was again 
engaged in helping others, this time in 
India, which he loved, and where he 
once talked with Gandhi of things of 
the spirit. 

We had many quiet talks with Jim, 
and always one felt the sureness of his 
philosophy that: 


Fierce though the fiends may fight 
And long though the angels hide 
1 know that Truth and Right 
Have the Universe on thew side 
What more can one say than that Jim 
Vail loved and worked for his fellow- 
man. 

When one thinks of all he did in the 
few years he had on this earth, it brings 
happiness to think of what he is going 
to do with eternity. 


FJ.V.A. 


January, 1952 
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Gives 


STRAIGHT FACTS 


on Filtration 


The new Shriver book serves as 
a valuable guide in selecting the 
right type of filtration equipment 
for improving your process and 
product. It tells — 


1. How to Select Your Filter 
2. How to Determine Type, 
Capacity, Construction 


3. How to Determine Cost 
of Your Filter 


4. Applications of Filters 


T. SHRIVER & COMPANY, Inc., 812 Hamil 


St., Harrison, N. J. 


Send me New Shriver Filtration Book 


STRATOSPHERE 


U. S. Government Research maintains 
a wind tunnel at the University of Cali- 
fornia for testing parts of airplanes and 
rockets. In this tunnel, altitudes up to 75 
miles in the stratosphere are duplicated 
by a five stage Evactor, a steam jet vac- 
uum-producing unit designed and built 
by Croll-Reynolds to work in the range 
of a few microns of mercury absolute. 

Croll-Reynolds five stage Evactors are 
built in various sizes, the smallest of 
which handles many times the volume 
of the largest mechanical vacuum pump. 
The same careful work and precision 


PRESSURES 
DUPLICATE | 


which produced these five stage units goes into every other C-R Evactor 
from the one stager yielding a pressure of four or five inches of mercury 


absolute to the four stage unit designed 
to 3.0 mm. of mercury absolute. 


for work in the range of 0.15 


Many thousands of Croll-Reynolds Evactors are in regular operation, 
some of them for over 30 years. They are installed in every state of 
the U. S. and in many foreign countries. Let our technical staff help 
you with your vacuum problems, including flash cooling of water and 


aqueous solutions. 


CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, New Jersey 


17 John Street, 
Chill-Vactors 


Steam Jet Vactors c 


New York 38, N. Y. 
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MONOGRAPH SERIES & SYMPOSIUM SERIES 


ENGINEERS 


— For your use additional basic technical chemical engineering information is 


= now published in companion volumes to “C.E.P.”— the “C.E.P.” Monograph 
————— Series and Symposium Series. 


OFF THE PRESS: 


Reaction Kinetics in Chemical Engineering ... by O. A. Hougen, University of Wisconsin, reviews 


critically the literature on applications of reaction rates to process design, surveys the role of chemical kinetics, 
its applications, its limitations, and its potentialities. 


Ultrasonics -- two symposia . . . covers applications of sonic energy to the process industries, limitations in 
this field; physico-chemical, colloidal, and biological effects of ultrasound; measurement of ultrasonic velocity; 
material testing and gaging; developments in design and construction of ultrasonic generators. 


IN PRESS: 


Phase-Equilibria on Pittsburgh and Houston « « « will be published early in 1952 and includes the individual 
and collaborative work of 36 experts in the field. 


FUTURES: 


* «+ a second volume on phase-equilibria «++ a symposium on reaction kinetics + ++ another on heat 
transfer « « « a monograph on diffusion. 


These series, published under the auspices of the A.I.Ch.E., have been de- 
signed and launched to keep pace with the swift-moving developments in the 
field of chemical engineering—to provide the engineer with authoritative 
knowledge on research and applications as they are reflected in methods, 
experimental data, new processes, trends—to do so at minimum cost. 


— -MAIL THIS COUPON- 
CHEMICAL ENGINEERING PROGRESS 
120 E. 41st St.. New York 17, N. Y. 


Please send Reaction. 
Ultrasonics - 
C) Copies of Reaction Kinetics in Chemical Engineering Both Volumes —~~ 
() Copies of Ultrasonics—two symposia 


Check enclosed Please bill me 0 Please check: 
Junior Member oO Active Member 0 
Associate Member Student Member © 


Address Nonmember 1 


(0 Enter my subscription on a yearly basis to receive 
future volumes as they are issued. I will be billed as 
the books are published. 


January, 1952 
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MANUFACTURERS OF 


The successful pumping of a 
hydrocarbon of the peculiar and 
difficult nature of liquid Ethylene 
indicates the versatility of Milton 
Roy Controlled Volume Pumps. 
The fact that liquid Ethylene is 
an important building block for 
many organic compounds—used 


in anti-freezes, plastics, insecti- 


CONTROLLED VOLUME 


THIS. MILTON RoY ‘CONTROLLED 


15,000 psi compression; refrigeration through the jacketed liquid 


end to 


cides, resins etc.—makes high- 
pressure pumping of this liquid 
in controlled volume an indus- 
trial necessity. 

And for those diversified liquids 
usually considered as gases at 
normal temperatures and pres- 
sures—carbon dioxide, Butane, 
Vinyl Chloride, Propane, Pro- 
pylene, to mention just a few, 


Milton Roy Controlled Volume 
Pumps have pin-point applica- 
tion. They give flawless service. 
Call the Milton Roy representa- 
tive listed in your classified 
telephone directory for additional 
information on Milton Roy Con- 
trolled Volume Pumps for your 
specific process problem, Or 
write us direct. 


1379 EAST MERMAID LANE, 


PUMF 


AND AUTOMATI(¢ 


PHILADELPHIA 18, PA 


CHEMICAL 


FEED YSTEMS 


{ 
4 
this is VOLUME PUMP DOES THE JOB... 
v Wee Mion Rey High-Pressure Simplen, Sperating tm the earch 
liquefied lab of @ major chemical company. Here are a few of the require. 
Hand! of ments this pump satisfies: Slow speed on the suction stroke 
pumping prevent "flashing" of the liquid Ethylene into gas; special 
sea nackina which eliminates all leaknas. withstands tha 
compr i. 
ps 
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ie | 
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CATALOG 


Tells how you get guaranteed fluid agi- 
tation results with the outstanding new 
LIGHTNIN “Series E’ Mixers for open 
tanks and closed pressure vessels. 


tt 
Shows how interchangeable speeds 
can save you money if your process 
changes. LIGHTNIN “Series Mixers 
offer up to 16 standard AGMA speeds 
from one basic drive. 

Shows how standard LIGHTNIN Mixers 
can give you the versatility of custom- 
design units costing considerably more. 


Describes how mixing impellers are 


selected for specific jobs. 
at 
Tells how Mixco’s engineering experi- 
ence and unique research facilities can 
give you accurate prediction of process 
results. 
UIPMENT nv 
ix | Rochester 1! Contains a wealth of fluid agitation 
SPECIALISTS facts, unavailable from any other source. 


MIXING EQUIPMENT Co., Inc. : 


199 Mt. Read Blvd., Rochester 11, N. Y. i 
In Canada: William & J.G. Grey, Ltd., Toronto 


Please send me the new B-102 Catalog describing LIGHTNIN 
“Series E Mixers. Also, please send the literoture checked: 
( B-76 Side Entering Mixers [(] 8-100 Condensed Catalog 
(CD 8-78 Top Entering Mixers showing complete line 

(Propeller Type) (O B-75 Portable Mixers (Elec- 
(D OH-50 Laboratory Mixers tric and Air Driven) 


EVERY UGHTNIN MIXER IS GUARANTEED TO DO THE JOB RIGHT 


\ 


Gs 
PORTABLE SIDE ENTERING TOP ENTERING 
Ve to 3 HP 1 to 25 HP 1 to 500 HP 


Nome 
Title 
Company 
Address 


City Zone Stote 
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